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ADVERTISEMENT 

The Central Board of Irrigation as a bc^ is not responable either for ihi 
statement made or for the opinions expressed in the following pages. . 



FOBEWORfi 


This Annual Bepoit contains an account of lesearch and othei technical 
investigations on subjects connected with irrigation and hydio-electric, carried 
out in iadia, Burma and Ceylon during the year 1947. It is published both for 
the information of irrigation and hydel engineers in India, Burma and Ceylon 
and to make known in 'other countries the problems of irrigation and hydro- 
electric development in this part of the world and how they are being over- 
come. 

Summary reports for the work carried out during the year 1947 at the nine 
research stations, and papers on specific subjects selected by the Board, to- 
gether with the discussions thereon, appear under the respective subject heads. 
The discussions constitute the technical proceedings of 

(^) The Eighteenth Annual Meeting of the Eesearch Committee, 

August, 1948. 

{u) The Nineteenth Annual Meeting of the Central Board of Irrigation, 
December 1948. 

in addition to which an informal meeting of the Eesearch was held in April, 
1948. 

The Preliminary Notes were written by the Secretary for the information 
of those attending the Eesearch Committee and Board Meetings. 

It is regretted that due to lack of space, it has not been possible to include 
in full aE articles contributed to the Eesearch Committee Meeting. Abstracts 
or abridgments of articles not included in full are, however, provided. In 
other cases where abstracts or es^lanatory introductions were not supplied by 
authors, the Secretary has provided introductory abstracts. 

The undersigned would repeat the request, contained in previous reports, 
for the supply of information relating to any of the problems mentioned in the 
publication. He wiH gladly famish farther details of any of the e 3 q>eriments, 
investigations, or other information relating thereto. 


Simla; 

Dated, January, 1949. 


N. D. GDDHATI, 

' Seerelafy, 

Centred Boan^ of Irrigati&n, 
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IC. Limitation of Model Experiments and 
Comparison of Models and Prototype 

FBELIMINABYNO!l!E 

This subject has been discussed by the Board since 1939 under the title 
* Field results of measures adopted after model experiments ’ mth the object 
of comparing the results obtained from works built or remodelled in accordance 
with indications obtained from mcdel experiments in order to assess the value 
and limitations of the use of models in solving problems connected with irriga- 
tion and river trauiing works. It is particularly desired to make a study of 
such cases where the results on the prototype are different from those on the 
models with a view to developing the technique of experimentation. At the 
1945 annual meetii^, the Board passed a resolution that a Beard Publication 
on the construction and operation of Hydraulic models be issued, based on the 
contributions by research o£6.cers. In response to thj |3 n.'solution, Central Water 
ways, Irrigation and Navigation Eesearch Station ; Engineering Research 
Laboratories, Hyderabad ; Irrigation Research Division, Poondi ; and Irrigation 
Research Division, Sind have sent in their notes. The Director, Irrigation. 
Research, Punjab, has sent in an advance copy of the contribution which had 
yet to be approved by the Chief Engineer (East Punjab). Bombay, United 
Provinces and Ceylon have no contribution to make. The Ditector, Irrigation 
■Research Institute, West Bengal, has promised to contribute a note on the sub- 
ject which is still awaited. Mysore has not sent any reply so far. 

The note on ‘ The Development of electrical analrgy methods in India * 
promised by Dr. V. T. Vaidhianathan is still awaited. 

It is suggested that it will also give a better indication of the advantages of 
the model experiments if a short account of the saving.s in the cost of works 
effected by model experiments is also reported. For this purpose it is proposed 
that the title of this subject head be changed to ‘ Model Experiments ’ and 
divided into following sub-heads : 

(i) Limitations of model experiments and comparison of models and 
prototype. 

(ti) Economy effected by model experiments. 

At the last informal winter meeting of the Research Committee a reference 
was made regarding the use of plastic for the preparation of model^. Shri 
S. L. Malhotra, Director, Irrigation Research, East Punjab has since Witten 
to say that he has found a mention of transparent plastic in the book ‘ Hydraulic 
Model Studies for the design of Bhakara Dam-Hydraulic Laboratory Report 
No. Hyd. 210 According to him this book has been received in the East Pimjab 
Irrigation Department in comaection with the design of Bhakara Dam from 
U.SA. 
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A letter has heeu sent to the Director, U.S. Waterways Experiment Station, 
Vicksboxg, Misassippi (U.S.A.) by the Secretary enquiring details about trans- 
parent plastic materials which are being used for the preparation of models. 

The following items were discussed at the 1947 Besearch Committee 
meetii^ : 

(1) Model limitations as regards erosion and accretion upstream and 
downstream of tree groynes. 

(2) Model eagperiments in connection with scour hole below head 
regulator over Eohri Canal. 

Bec&nt Lileraiure. 

(1) Model studies of spillway and bucket for Centre Hill Dam, Caney Fort 
River Tennessee. War Department, Corps of Engineers, IJ.S. Waterways 
Experiment Station, Technical Memo No. 202—1, Vicksbuig, Mississippi. 

• 

(2) Model study of q>illway End Dam,jYocoua River, Misassippi. War 
Department, Corps of Engineers, U.S. Waterways Experiment Station, Techni- 
cal Memo No. 2-223, Vicksburg, Mississippi, March 1947. 

(3) Use of models in design of ^illways. Commonwealth Engineer, VoL 
34, No. 12, July 1, 1947. 

(4) Allen J. — Scale models in hydrulic engineering. Longman, Green 
and Co., London, New York Toranto, 1947. 

(5) Model study of ^dlway and silting basin Harlan County Dam, Re- 
publican River, Nebraska— U.S. Waterways Experiment Station, Vicksburg 
Missisappi, Technical Memo No. 2-236, September 1947. 

(6) Chatley, Herbert, D. Sc. (Engineering), M.I.C.E. Consulting Hydraulic 
Engiueer, Bath. — ^The Distortion of scales in models with Looze Beds— Second 
meeting of the Intemational Association for Hydraulic Structures Research, 
Stockholm, 1948, Paper No. 1. 


THEyEAR’SWOBK 

The following items were discussed at the 1948 Research Committee 
Meeting ; 

(1) Protecting the li^t bank of the Luni Riva: at Balotra by Tnan na of 
a repehi^spur. 

(2) Scour below the Central sluices of the Mahanadi anicut at 'Cuttack 
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(1) vBjfymmsQ the Bieur bake ofise ltjni btteb at bai<otra 
BT jheans of a bepelung spur {^) 

la consegaeace of the abaonaal rainfeU in the Aravali Ranges, the main 
line of the JodhparBail'way between Parln and Gole was severely damaged. 
The river i^illed over the banks between Balotra and Tilwara causing extensive 
breaches. In addition to other recommendations for the protection of the Bad* 
way embankment {*), to prevent attack at Balotra a repMug spur was recom- 
mended in 1944. Since then, the floods in the rive» were very low and hence 
the spur has not been tested imder high flood conditions, but even with con- 
tinued low floods the spur, according to the local ofideers, is working satisfact- 
orily. The main channel of the river, which — even when the rainfall was 
noimah-used to run along the side of the spur, has been repelled by the spur and 
now flows at a distance of 300 feet from it. 


(2) SCOmt BELOW THE GENTBAL SLUICES OF THE UAEANADI 
ANICUT AT CUTTACK-OBISSA (i) 

Some modifications were suggested in the design of the Central Sluices of 
the Mahanadi Anient. A comparison of the scour observed before and after the 
modification, showed that, while under the old conditions, the deep scour-hole 
was almost abutting the pavement with imminent danger of undermining and 
collapse of the pavement, after the modifications there was a silting at this point 
to the extent of 20 feet. 

The deepest bed contour, 263 feet away from the dwarf '^ll Ho. 4, was 
previouriy at B. L. 15 , while after the modifications it had accreted by 20 feet 
or more. 

Further, at the left comer between walls Ho.. 3 and 4, the apron had col- 
lapsed leaving deep scour-hole, but after the modifications at this point the 
bed has silted by more than five feet. 

It was dear that the conditions had markedly improved since the construc- 
tion of the energy 'dissipating device recommended by the station. 


P) Central Watermya, Inigatian and Navigation Beseaioh Station, Poona, A™na1 Beport 
Tedhnioal 1947, page 84. 

(*} Central Waterways, Irrigation and Navigation Beeeardi Station, Poona, Annual 
Beport XeiduiNB], 1846, item No. 13. 
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DISCUSSION BY THE BESEABCH GOHHECTEE 

AIb. S. T* Ghotankar introducing item (1) said that for the protection 
of the Eailway embankment, a repelling spur was recommended i^ 1944. 
Since then, the floods in the river were very low and the spur had not been tested 
under high flood conditions *; but even under continued low floods "the spur, 
in the opinion of the local officers, had served its purpose satisfactorily. The 
main channel of the river which used to run alongside of the spur, had been 
repelled by the spur and now flowed at a distance of 300 feet from it. 

Introducing item (2) he said that a comparison of the scour patterns below 
the Central Sluices of the Mahanadi Anient, before and after the modifications 
suggested had been carried out, revealed that the deep scour-hole had silted 
to the extent of 20 feet. 

Dr. H. L. Uppal complained that the reports were received by him very 

late. 


Regarding the limitation of model experiments, he said one particular model 
could answer the problem for which it was constructed. It might have a lot 
of limitations, if during the investigations some other problems on that verp 
subject were received for investigation. For instance, if there were a river 
model under investigation they adopted a certain scale. AVhen they had a river 
in which a weir was to be constructed, then the same scale and model would not 
bo suitable for solving all the problems. Exaggeration was very essential in a 
river model, but it was quite difficult in river studies when there was a structure 
Kke a weir in it. Therefore, in view of this, the river models should nbt be dis- 
torted, He had a discussion with Dr. Mullard on this. They did not disftort the 
model at all. They kept it for solving all the problems that arose on the subject. 

Mr. D. V. JoGLBKAR thought that undistorted models could not give any 
useful results, 

Mr. S. T, Ghotankar said that the limitations pointed out by Dr. Uppal 
had already been reported by the Poona Station two years back. 

Dr. N. K. Bose enquired about the scale to which models were reduced 
in the Punjab. 

Db- H. L. Uppal said that at Malikpur they had very few geometrically 
similar models. In unrestricted models vertical exaggeration had to be given. 
The scale used by them was 1/100 and 1/120 and models were made of very fine 
material. They made a very^ big model in which they did not give distortion. 
They only distorted the slope in those river models which were restricted. 

% 

Dr. N. K. Bose said thftt he knew, in Qennany they had been using fine 
naateml, which was usoally light. But unfortunately, they could not get 
that in India in large quanti'fy. As they were to work -with ordinary -sand 
which they had got accustomed to, he thought they should stick to that. They 
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jbad yet to find the importance of the difference in the ■various problems they 
■were going to investigate. Use of distortion 'was restrioted to particular pro- 
blems only. For example for standing wave investigations no distortion was 
necessary. 

Db. H. L. Uppal said that only a limited number of problems or a pa^cular 
problem for which a model was cotxstmcted could be investigated with that 
model. Neither the river conditions upstream of the particular reach of obser- 
vation nor downstream could be ascertained by the model. It could only be 
effective for investigation for the particular reach for which the model was made. 

The Chairmah (S. Mah Singh) said that a reference was made to the 
Director U. S. Experiment Station regarding the use of plastics in models. A 
reply had been received which was read out as below : — 

“ Plastics have been used for a number of years in this country for construc- 
ting, models of various hydraulic structures such as conduits, intake towers, 
turbine scroU^cases and the like where visual observations of fiow conditions 
are desired. Typical examples of such use are illustrated by the enclosed 
photographs.* 

Although a large variety of plastics are available conomercially, two of 
those found best suited for model construction are sold under the trade -names 
of “ Lucite ” and “ Plexiglas ”. Detailed information on these products may 
be obtained by contacting the following : 

(a) E. I. Dupont de Nemours and Co. Inc., Plastics Dept., 626 Schuyler. 

. Ave., Arlington, New Jersey, This concern manufactures “ Lucite ” 
and publishes a pamphlet concerning its use entile<l I he Lucite 
Manual 

(jb) Rohm and Haas Co., 222 West Washington Square, Philadelphia 5 
Penn^lvania are producers of “ Plexiglas ” and publishers of 
“ The Plexiglas Design Manual ”, “ Plexiglas Fabricating Manual ” 
and “ Plexiglas — Crystal — Clear Plastic.” , 

Both of the above mentioned plastics are readily formed (after heating), 
cut, drilled, machined or cemented. They maybe obtained in sheets of various 
colour, size and thickness (1/16' to 2') and in the form of rods up to a diameter 
of 2 inches. “ Lucite” may also be obtained in tubes up to 6 inches in 
diameter. Prices, are practically the same for either product. 

Mb. N. S. Oovinda Rao said that these plastic models got scratches due 
to the sand that they used and after some time they would not be able to see 
anything through them. 

Db. H. L. Ubpal said that plastic glass was better and did not scratch by 
the hction of sand. 


*Bec(nded in the ofBoe of the Omtial Boaid of Inigation. 
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The Chairman (S. Man Singh) said that in the informal winter meeting 
some research ofl5.cers had said that thej had had difficulties in obtaining 
certain equipments and apparatus from abroad on account of exchange diffi- 
culties aic. The Government of India was approached and they had asked that 
actual instances of delay should be referred to them. He then drew attention 
to the proposals made by the Secretary regarding introduction of. a new sub- 
head on “ Economy effected by ^odei experiments 

Rao Bahadur D. V. Joglekar said that there were two kinds of savings 
direct and indirect. Fox instance, if a barrage was designed after model ex- 
periments, the actual saving in construction costs might not he large but the 
indirect benefits would be many. On the other hand if the cost of a project 
was estimated at a certain figure and by carrjdng out model experiments, iJiey 
were able to save something on construction, maintenance and other charges, 
that was a direct benefit. It was always very difficult to caloulAte the indirect 
advantages. 

It was agreed that the proposal he accepted and the subject head should be 
as follows: , 

1C. model Experiments. 

(i) Limitations of model experiments and comparison of models and 

prototype. 

(ii) Economy effected by" model experiments, direct {md indirect. 

With reference to Dr. ITppal’s complaint regarding late receipt of annual 
report, ii was decided that in future each research station pi<o i»i d send to 
every other research station two copies of its annuli report instead of one 
as in the past. 

The Secretary said ihat Dr. Yaidhianathan had promised to write a note 
on, the work that had been carried out in India relating to ** Electrical anology 
experiments ”, 

He requested Dr. Yaid hi a natha n to state when he expected to complete 
the work. 

V. L VAiDHiaMATEAji lepM that he was m Delhi and had none of the 
hhn ; he h^ left some 800 diagrams in the West Punjab. He 
yow heve to come to Sunk and see old records in the ' Central Board of 
Jfaigafeiotti^aiy.butth^had given only a few diagrams in thar Anmiftl 
Beports. These would not be enou^ and he had nothing else with him. 

The SECBEtiET rwnarired that they had done quite a bit of work in Tn<^ia 
and it would he unfortunate to lose it. 
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Db. Y. I. VATnTTTATTATiTATT Said tbst it wolild not be difficult to repeat the 
work, in &ct Mrith the'eq>erience gained, the resnlts would be more correct. 

Sabdab Bahadub Sabub Singh said that Mr. S. L. Malhotra would give 
all assistance. 

Db. Y. I. Y AiDHiA NATHAN Said that 17. P. could also give him assistance, 

Bai Bahadub M. 0. Bijawat suggested that since the Central Drilling 
School, Eoorkee was close to the U. P. Research Station it would be useful to 
get some work done there. 

It was decided that Dr. Yaidhianathan would divide the work between 
East Punjab and U. P. and have bis note ready by July 1949. 


DISCnsSIOK BY THE BOARD 

The Seobbtaby said that two items were discussed at the Research Com- 
mittee meeting. The Reseach Committee had proposed that this subject be 
renamed as below. 

IC. Model Experiments 

. (i) Limitations of model’ experiments and comparison of models and 
prototype. 

(ii) Economy effected by model experiments, direct and indirect. 

As regards the proposed Central Board of Inigation Publication on models 
the position was the same as stated in para 1 of the Preliminaiy Note on page 
697. 

Continuing The Secbetabt said that as decided by the Board, in 1946, 
Dr. Yaidhianathan waa to write a draft for the proposed Central Board of 
Irrigation Publication on ‘ Development of Electrical Analogy methods in India’. 
At the Research Committee meeting Dr. Yaidhianathan stated that all his 
records had been left in West Punjab and he could prepare a draft only if he 
was given &e facilities of repeating his experiments at some Research Stations 
in India. The decision of the Research Committee was given above. Intima- 
tion had since been received from the Chief Engineers 'U. P. and East Punjab 
that they would provide aU facilities to Dr. Yaidhianathan to repeat his experi- 
ments in theirre^ective research organisations. 

At the last informal winter meeting of the Research Committee, a reference 
was made regarding the use of plastics for the pr^ration of models and Secre- 
tary was asked to make enquiries in this respect. Since then the Secretary had 
been in oorrespodenoe with E. I. Du pont de Nemours and Company, TJ. S. A. 
and had been able to obtain literature on the subject. A price list of Luoite 
materials had ^ce been sent to all research stations. A olu^ of 32 samples 
Incite sheet colours received from the Company was passed round for inspec- 
tion. 
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Kai Bahadur S. K. Guha enquired about the thickness of plastics. 

Db. H. L. Uppai said that they were obtained in sheets varying from J 
to I inch. The cost of a sheet 4 feet x 3 feet with J inch thickness was 
about rupees 2S0 to rupees 300. 

Speaking generally about model experiments Db. Uppai said that one 
SDOodel would not suffice. For an investigation it might be necessary to have 
at least three models instead of one. 

Db. N. K.. Bose expressed the difficulty he was experiencing in reproducing 
waves in models. They had considerable wave action which he was not able to 
reproduce properly. He enquired of E. B. Joglekar how he was managii^ to 
simulate waves of required range in a model. 

fiTTftt D. V. Joglekar said that waves of the required range could be ob- 
tained with a wave producing machine. Such a machine was being evolved at 
the Poona Station. 

Db. N. K. Bose asked as to how waves were measured. 

PTmT D. V. Joolbkab said that they had not come to any final conclusion 
in this matter. He said it was possible to have a wave recording apparatus ; 
such an apparatus was being set up at the Poona Station. 

Eai Bahabue C. L. Hanba said that the subject of model experiments 
was generally viewed by the research worker and by the engineer in slightly 
different perspective. Hejust wanted to put up' to the Board the idea Dr. 
Bose had voiced. In order to complete a small mvestigation on a model if the 
engineer thought that just one model would be ample, or that one model 
should ^ve all the details that were required, that opinion was likely to be 
falaififtfl and the engmeer should be prepared to the necessity of having 
a number of models as proposed by the research worker. He found that 
the research worker was apt to consider that .each model was giving 
different kinds of results, one of them giving positive results and the other 
some sort of negative .results. In respect of the positive eaperiment there 
might, be justification to assume that something had been repeated. But he 
wanted to warn the engineer that he had to be very very careful and conserva- 
tive iu blindly acceptiig negative evidences given by the model. He thought 
that it was rather hazardous to assume the conditions, if they did not 
appear on the model. What he wanted to stress was that the number oI 
models required to study the various agists of the same problem might be 
accepted by the engiueers, as capable of sub-divisions of a ^ecial model. 
Hydraulics, he said, could be evolved in conflict 'vrith the large niimber of yearg 



MODELS 


605 


eq»erieii6e of the engineers and if any result on the model confirmed that ex- 
perience, well and good. If on the other hand something happened showing the 
negative evidence he wished to give a note of caution to the engineers in accept- 
ing them. 

Rao Bahadur D. V. Joolekar too spoke on the usefulness of having a 
large number of models e.g. in Sukkur Barrage experiments they had to have 
five different models. He agreed with Shri Handa about the caution that had 
to be observed regarding negative results. Especially with regard to silting and 
scouting one had to be very careful in interpreting. There were definite serious 
limitations in models regarding depth of scour etc. 

Dr. N. K. Bose agreed with Mr. J oglekar regarding silting. But by looking 
at the model and as well as the prototype one could aafely predict whether the 
silting or scouring were likely to occur. But it could not be expressed quantita- 
tively. But another point about which Mr. Handa spoke, out at the root of all 
model work. He wanted models to be repeated. If one could interpret the 
results properly and by judicious use of the models in different ways, he 
could get at the results without repetition. 

. Rai Bahadur R. R. Handa endorsed what Rao Bahadur D. V. Joglekar 
had said. He spoke about the river diversion works he carried out in Orissa 
and how the results feom models were helpfiil. 


THE BOARD AFFBOTED THE FBOFOSAL OF IHE RESEARCH 
COMMITTBE REGARDING THE CHANGE IN THE NAME OF THE 

STTHTECT. 



2C. River Control 

FBmsnNART NOTE 

l^.iA subject first appeared on the agenda of the Research Gonunittee, in 
1942, under the h^ “ River bdiaviour, training and control ”, thou^ the 
subject “ Meandering of rivers ” had been under discussion for many years 
past. In 1947 ‘ River behaviour ’ was separated with its two sub-heads : 
(t) !]^oods and < (U) Stage-discharge relation, and was included under Section 
A-Hydrology, item 2. The subject “ River Control ” is to be discussed under 
sizsub-hes^ : 

(i) Mood protection works, (w) Rivet training works, (iti) Scour and 
erotion, (iv) Spi^ (v) Meandering, {vC) Tidal action including that in esituariea. 

(i) Flood protection works 

This sub-head appeared on the agenda for the first time in 1945. Certain 
aspects of Ihis subject were discussed previously in diJBSerent forms ; in 1939-40 
as “ Collection and study of statistical data pertaining to fi.ood control 

Thefol'owing items were discussed at the 1947 Research Committee 
me^ng : 

(1) Redistribution of sand load between the l/^anadi and Katchur 
systems at Cuttack:— Orissa 

(2) Mood absorption in Erishnarajasagar 

(3) An unpr^edented flood in Mula and Fravara valleys and estimate 
of loss of flood damage 

(4) Meandering of rivers and flood control— by Shii E. B..Ray 
ReceiaJAtercOiwre. 

(1) Report of the Mississippi River Commission— United States, 
Government Printing Office, Washhigton, 1947. 

(2) Multipurpose development of Indian rivers — Sdence and Culture, Yol. 
13, No. 1, July 1947. 

(3) Voorduin W. L. — ^Multipurpose devdopment of the Tennessee River — 

Sdence and Culture, Vol. 12, No. 11, May, 1947. ^ 

(4) Lawson,L.M.— International treaty authorizes flood control stmotuces 
on Lower Rio feande— Civil Engineering, VoL 17, No. 3, March 1947. 

(6) Frotectinghi^waysfrom damage by floods— Public Works, Vol. 77, 
No. 2, Vebroary 1946. 

(6) Fox, J. M.— First venture flood project— Western Construction News 
Vol II, No. 8, August 1946. 

(7) Fall rivet dam -Construction Methods, Vol. 29, No. 7, July 1947. 

THE TEAB'S WORK 

The foUowiug items were discussed at the 1948 Research Committee 
Meeting : — 

(1) Bituminous reinforced hotanix revetment for river bank protection. 

(2) Redistribution of sand load between the Mahanadi and the ELatjuri 
systems at Cuttack (Orissa). 
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(1) BITOMINOUS EBINFORCED HOTMIX REVETMENT FOR RIVER 
pANK PROTECTION (*) 

ABSTHACT 

Flood and breaebes os embankments by the River Damodar is quite fte- 
quent and laige sum of money and great loss of property and crops are incurr- 
ed every time suck breaches occur. The irrigation and Watwways Depart- 
ment spend a lar^e sum of money each year in bank jrevetment work streng- 
thening those places which appear likely to give trouble durii^ the next flood 
and maintaining and repairin? works carried out in previous year. TWs note 
desoril^es the experiment carried out on the preparation of bituminons reinforced, 
hotmix canal lining. 

Two general methods of bank protection are followed : a flexible brick 
mattressing and bamboo or salballali revetment driven into the bank at threaten- 
ed places. 

The brick mattressing consists of three or four layers of bi ick laid side waj s 
and lengthways alternately wrapped in 4 inch mesh 10 or 12 gauge wire-netting , 
the whole being suspended from heavy stakes fimly embedded in the top of 
the bank. As erosion takes place at the bottom of the bank the brick-mattress- 
ing follows the scour by dropping down in tbe form of a flap which effectively 
prevents fiirther erosion by sealing the partially disintegrated bank. 

The second methodT of employing bamboos or salballahs is a more lig-d 
type of construction and is not so effective under a powerful current but is 
considerably cheaper. 

The cost of brick mattressing is very hi^. So the Irrigation Depart- 
ment would welcome cheaper fortas of construction which would be flexible 
enough to answer the purpose. 

Consequent on Baron Von Asbeck’s recent visit to Calcutta who inet the 
Chief Engineer, Irrigation and Waterways, for discussion on the use of bitumen 
for hydraulic works which was carried out in the other parts of the world, the 
Chief En^eer was sufficiently impressed and agreed to carry out a trial locally, 
with specific regard to bank protection, in co-operation with Messrs. Burmah 
SheU&Co. 

He was, however, unwillmg to try out an unknown material on the bank 
of th e river itself as the consequence of failure at that point would be \jOO serioui 
and therefore suggested a site on the Damodar canal just below one of the canal 
regulator gates where considerable eroacn of the bank takes place every year. 
A length of approximately 130 feet of the canal was selected at Galsi in the dis- 
trict of Burdwan in West Bengal where the trial was to be carried out. 

(^) Eiver BesearcH Institute, West Bengal, Annual Beport, 1947, pages 60-62. 

BH210BI 
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lABORATOHY IHVEiSTIGATIOll METHOD 

la conaection witih the above work for the river bank protectioa trial at 
Galsi, the Institutewasrequ“Stedby Messrs. BurmahShellandCo. loundertake 
experiments on the preparation of bituminous reinforced hotmix canal lining 
for river bank protection. 

This type of revetment consults Tjf two inches thick reinforced bituminous 
hotmix of fine asphaltic concrete or dieet asphalt type laid on a properly 
graded and compacted slope of natural soil. 

The composition of the hotmix should be such as to make it an impen* 
vious a.Ad stable bituminous layer after compaction, so that it can prevent 
ero’ ion of soil on which it was compacted. 

The idea of the bituminous mix is to reduce the voids in the final mix to' 
minimum. In case of hydraulic works a mix with 2 or 3 per cent, of voids in 
the mix will be regarded as water tight under the atmosphere pressure. 

Particles retained on 10 mesh (A.S.T.M.) sieve is termed as coarse aggregate. 
Particles passing 10 and retaining on 40, passing 40 and retaining on 80, passing 
■80 and 'retaining on 200, all combined are termed as fine aggregate. Particles 
passing 200 are termed as filler. Here cement is used as filler. For stabilisation 
the aggregate comprising the mix should be properly graded. As it is not possi- 
ble to get a single mixing for the whole requirement, there cannot be a particular 
proportion of grading in the mix. So at the different sites of work every 
blending is individually graded. A somewhat typical compusition according to 
Bi'-'-on Von Asbeefc is given in Table 2 C.l. 


TABLE 2 C.l 


V 

• Fine 
asphaltic 
concrete 
per cent 

Sheet 

asphalt 

Per cent 

— 10 mesli 

25 


10—10 nleslx 

30 

3S 

40— SO mesh. 

20 

30 

80— 200 mesh 

10 

17 

Filler (cement) 

16 

15 

. 

• 

100 

lOQ 

Bitumen .. .. .. .. i 

9 

10 


Bitumen in the mix serves the purpose of the binder wbicb makes the .void 
as minimum. Care should be taken that excess of bitumen is not used. Other- 
wise mix will be soft and will begin to flow on slope at high temperature.. A 
rough checking of the amount of bitumen used is to close a sample of the mix 
in a brown paper and li^tly tapped. The stain left on the paper is carefully 
observed. It ^ould neither be too dark nor too light. The stability of the 
bitumen can be increased to a certain extent by adding more filler. Bitumen to 
be added entirely depends on the void of the compacted dry blended aggre- 
gate. It is calculated like this. 




biveb ooittrol 


cos 


Beal aad apparent densities of tlie dry aggregate are detemuned &om wMch 
. the pereentge of the void is calculated. 

Percentage of voids in volume — 


Beal Denaity — Apparent Denaily 
’ BealSensf^ 


XlOO 


Real speoifio gravity — Apparent specific giavi^ 
Beal specific gtaviiy 


XlOO 


The voids thus found in the dry aggregate should have to be filled up by 
bitumen. 


Percentage of bitumen by weight to 100 parts of the dry aggregate 

Percentage of voids by volume in Ihe aggr^ate 

Apparent specific gravity ot the aggregate X specific gravity Of bitumen X 100. 

Specific gravity of the bitumen Ls taken as 1-04. 

A sample of the mix thus prepared, is subjected to the determination of 
real and apparent densities from which the percentage of the voids in the 
mix is determined. As stated above, if the percentage of voids in the mix is 
found to be 2 or 3, the mix is watertight for the purpose. 

It is now +ested for its imperviousness to water and stability against flow 
on dope at high temperature. Imperviousness is tested by subjecting the 
sample to a head of 200 feet cf water for 24 hours. There should be no flow 
of water through the sample. Stability against flow on slope is tested by plac- 
ing a block of 2 in. X 7 in. X 8| in. of thp sample of the mix on a slope of 1: 1 at 
170° F and its displacement is to he noted. There will be a slight displacement 
at first after which there should be no more movement. If the rate of flow is 
higher it can be checked by using a harder grade bitumen which suits the cUmate 
or adding more filler. But care should be taken not exceed a certain limit 
beyond which the voids start increasing. In some cases crushed stone chips 
may he used. 

Once the mix has been properly prepared, works can be started. But 
the precaution to be taken of uniformly compacted subgrade, laying of uniform 
thickness, proper recking, etc. But the most essential is the proper compaction 
of the mix with heavy roller. 

After the preliminary investigation in the laboratory fieldwork was carried 
out on the bed and side of Damodar canal downstream of Ae fall at Galsi. 
The work has been completed and the results are being watched with interest. 
A complete report will be submitted in next year’s annual report. 
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(21 REDISTRIBlIIIOSr OP SASD LOAD BETWEEN THE MAHANADI AND 
THE KATJDRI SYSTEMS AT CUTTAtK - ORISSA (®) 

Tbe Katjmi River takes off from the Mahanadi just below the Naraj gorge 
five miles uj^eam of Cuttack. At peak flood 66% (8-4 laMs cusecs) discharge 
flows doTm the Katjuri at Naraj, whereas the rest of the discharge 
flows down the Mahanadi. In addition to thetwo’spiUs, namely Bimasi Spill 
(Q=70,000 cusecs at peak flood) on the. left hank and Banki Road Spill (Q= 
1,00,000 cusecs at peak flood) on the right bank, the Katjuri bifurcates into 
Kuakhai, Surua and Katjuri loop in the neighbourhood of Cuttack. 

The fundamental source of troiibk has been the excess sand charge entering 
the Katjuri river at Naraj (*). A series of experiments done with a view to 
improving the distribution of sand load between the Mahanadi and Katjuri rivor 
have been already reiiorted (*). 

Tn continuation of those experunents the following experiments were 
carried out : — 

Series II 

Experimertt No. 2 : (Repeated) With Banki Road spill discharge at peak 
flood reduced to 33,000 cusecs, Bimasi gap fully open and Naraj waterway 
reduced by 16 •85%, 

Experiment No. 4 : (Repeated) With Banki Road spill discharge at peak 
flood reduced to 33,000 cusocs, Bimasi gap fully closed by embankment ending 
in a spur and Naraj weir waterway reduced by 28* 6%. 

Experiment No, 5 : With Banki Road spill discharge reduced to 50,000' 
cusecs at peak flood, Bimasi gap closed by embankment ending in a spur 
but provided with high level escapes at Bimari spill chaimel crossings ; and 
Neraj weir wa+erway reduced by 20 per cent. 

Table 2 G. 2 shews the ratios of sand drawn by the Mahanadi and its 

branches at Cuttack, the time average discharge, relatives and charge etc. 

• 

For ready reference results of Series I, Experiment No. 1 withi existing com 
ditions and of Series II, Experiment No. 1 wMch gave optimum results in the* 
series of experiments done last year are also reproduced. 

The Experiments No. 2 and 4 of series II which were repeated this yeaJ^ 
were continued for four more rising and falling flood cycles. It was observed that" 
in both these experiments, the relative sand mix in Mahanadi become richer, 
and on the Katjuri system, though the Katjuri loop and the Surua were better 
off, yet thte Kuakhai was not. It will he seen that, except in Experiments No. 1 

Waten^ys, Irrigation and Navigation, Research Station, Poona Annual Report,, 
i echmcal, 1947, pages 36-37. . 

TedmicS^l ^ Irrigation and Navigation Research Station Poona, Annual Report, 

Teehnicd^^^ Navigation Research Station, Poona, Annual Report,. 



■Tablis 2 0.2 ■ 

Bhotumg tJie ratios oj sand drami by the Mahanadi and branches and the time tm/tage discharge. 
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aad 5 of Series II, the relative sand charge of the Mahanadi was'slightly worse 
than nn dp r existing conditions. Both the Katjuri loop and the Surua improved 
but the Kuakhai branch drew 6 -45% more sand in Experiment No, 1 and 
9-83 % more in experimei^t No. 5 and still more in Experiments' No. 2 and 4. 

The results of experiments in series II — {.e. with Banki spill Q reduced to 
60,000 cusecs, Bimasi gap emlsankmenl having high level operJngs and Naraj 
waterway reduced by 20%— gave the desired results for all the branches except 
the Kuakhai and the difference to Knakhai would be sir all. 

A short embankment witliout obstructing the Bumsi gap channels, would 
possibly give the optimum .solution, provided the Banki spdl discharge is re- 
duced to 50,000 cusecs and Naraj weir waterway reduced by 15- 5- % ; because 
it would, without materisllly vitiating « suits of Experiment- No. 1, Series II, give 
a water front to Cuttack fer which the embankment is primarily intended. 


DISCUSSION BY THE BESEABCH COMMITTEE 

, Dr. N. K. Bose in introducing item (i) said that these experiments were 
done in co-operation with Mes^. Burmah Shell and Co., on the downstream 
fflde of a fall of Damodar canal near Galsi. It stood fairly well for one season. 
Dr. Bose could not say anything about the exact cost of this work. His idea 
•was that it was rather heavy. 

Introducing Item 2, Mr. S. T. Ghotankar stated that the experiments 
were done during the year in continuation of last year’s experiments to improve 
the distribution of sand load between the Mahanadi and Katjuri River and were 
being continued. 

Mr. Govinda Eao enquired whetner any expansion joint had been pro- 
vided in the revetment for river hank protection item (1). 

DISCUSSION BY TBB BOARD 

The Seceetarv said that two items were discussed at the Research Com- 
mittee meeting (page 606 ). There was no resolntion. 

It was decided to xettdn the subject on the Agenda. 


(ii) River Training Works 

BBEHHINABY NOTE 

Training ’’.was the original subject head, hut it was later divided into, 

(o) Balling Aprons, (b) The heads of guide banks, qiuis etc., (e) The results 
measQies adopted in training rivers. 
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la 1942, the Board passed the followii^ resolution : 

“ Resolved further that Mr. Inglis be requested to write a note on 

MeaDdering, with a data already collected by him and thal the Secre- 
tary to coUeet data from the Provinces and the Railways on ‘ Scour ’ 

and ‘ Training ’ and pass them on to Mr. Inglis for analysis. ” 

Accordingly a form was issued for the collection of data of laimched aprons 
which data it was intended to analyse and compare with the assumptions made 
by Springs {®) and observations made on models. Most of the data available 
have been received, except that froiji Sind. The data were passed on to the 
Punjab Irrigation Research Institute, Lahore, for examination and presenting 
it to the Research Committee. 

As regards the collection of the data for the proposed Board Publication 
on ‘ River Training the United Provinces, Bengal, Madras. Bombay, Bahi- 
chistan and Sind have sent in their contributions. The Railway Board has 
also supplied a few notes on the subject. 

The Central Waterways, Irrigation and Navigation Research Station 
has suggested that the Publication of Sir Claude Inglis’s book on the subject 
may be awaited, which would contain the contribution of that station , 

Central Provinces and Berar, Orissa, Punjab, C!eyIon, Bahawalijur, My- 
sore and Hyderabad have nothing to contribute. Note promised by Bihar and 
Burma are still awaited. 

The following items were di^ussed at the 1947 .Research Committee meet 
ing 

(1) Model experimonts for the prevention of erosion at Kurigram by 
. the river Dharla. 

(2) Erosion of the river Torsa. 

(3) Model investigations for the proposed Mor barrage at Tilpara. 

(4) Training of the Luni River at Raflway Bridge No. 3 of Samdari 
Raniwara Branch of the Jodhpur Railway — ^Experiments in oonneo 
tion with the — 

(5) Training of the yamnna River at Delhi Gate Power House.by .means 
of a pitched embankment. 

(6) Training of Watrak at Eaira, Bombay, 

(7) Training of the Sutlej River at Samasata about six miles downstream 
of the Empress Bridge at Adamwahan N. W. Railway. 

(8) The Rnpnatain river upstream of the goods yard, Kola^iiat Railway 
Station (upstream of tho Bengal Nagpur Railway Bridge) — ^mea- 
sures to reduce risk of attack on the right bank of (*) 


(*) Spring, V. : “River tr-iiniag and watrol in gniiUt bank sy deiu". Railtray Board l^echnical 
Papar No. 163, IPU:t. 
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(9) TVaining of Eiveis with, permeable tree groynes. 

(10) River models — ^Beas river— Railway Bridge at Dhilvan ia District 
JoUundtir. 

(11) Ravi, River — Spur at Baheriaa, District Gurdaspur. 

(12) River Ghenab and Jbelum at Trimmu beadworks. 

- (13) River Satie] at Samasata railway station. 

(14) River esperiments — Shape of spur aprons for conventional types 
of q>ais. 

(16) B&ot of Idle angle of approach, on the shape of a T-headed spur. 
Recent IMeratwre. 

(1) Ronalds A. ¥. — ^Hatnescong instralia’s greatest river— the work of the 
River Muiiay Commissioii. River Murray Commission, Victoria, 1946. 

(2) Multi-puipose development cf Indian rivers. Science and Culture, 
Vol. IS, No. 1, July 1947. 

(3) Voord^ W. L. — ^The multipurpose development of the Tennessee 
River. Science and Culture, Vol. 12, No. 11, May 1947; 

(4) MiizaMohammedDin— Behaviour of rivers and their training. Geniaial 
Board of Irrigation Journal, Vol. 4, No. 4. October 1947. 

THE TEAH’S WORK 

The following items were discussed at the 1948 Research Commitlee 
meeting : — 

(1) Proteotioi^ of Kenkhal town against floods in the G^ngaat Hordwsr. 

(2) To train the river Gang.s tpstream of Bhimgoda weir for equalising 
the flow on weir crest and preventing retrogression downstream. 

.3) Model investigations for the proposed Mor Barrage. 

(4) Protecting the right bank of the Kuakhai river above the Bengal 
Nagpur Railway Bridge near Cuttack (Orissa). 

(5) Protection of the left bmk of Katj'iui river at Khannaga upstream 

of the Eaijuii Railway Bridge (Orissal. 

<6) Training of the Ganga river at E^pux. 

<71 Kshipra river at Ujjain— Gwalior State. 

(8) Mea'wUxes for arresting bank erosion near Bhadtii and Bbagda villages 

on the Auranga river. 

(9) Protective measures for sev^al railway bridges on Madras— Bombay 

line of the Madras and Southern Maratha E ailway between miles 
82 and 113. 

(10) Training of the Tapti rivet at Surat (Bombay). 

'Al) Musapet Anicut Svstem. 
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(1) FROTECnON OF EAMHAL TOWN AGAINST FLOODS IN TBE 
6ANGA AT HABDWAB («) 


ABSTRACT 

Gives detaits of experiment's carried out for the protection of Eankhat 
fbwn which is threatened ly floods ever since the sit'i^ canal head works. 

Kankhal town is situated at the western most stream of the Ganges below 
fiardwar, which, before the construction of the canal about a hundred years 
ago, used to get water for spilling from the main stream in floods. In winter, 
channels were dug for bringmg the water for domestic and religious pur- 
poses both for Kankhal and Hardwar. With the sitit^ of the canal head- 
wcaks, the western channel above Hardwar was gradually developed and this 
started bringing more and more supplies towards Hardwar aud Kankhal during 
the floods. The rgcord high flood of 1894 (510,000) did considerable damage to 
Kankhal Ghats etc. Since then the town of Kankhal has always been threaten- 
ed by floods inspite of various measures adopted from time to time to train the 
river. Consequently model experiments to solve this problem were taken in 
hand. 


To,start with, the smvey of 1942 was laid out .with shingle of siae 1 inch to 
2 inches withhoriaontal scale i,V. and, vertical scale sfe. The 1932 survey was 
not complete as compared to 1939 survey aud the entrance conditions of 
the model were reproduced from the latter. These scales gave no bed move- 
ment even with the discharge scale of based on Qr~Lr^, up to a flood of 

three Uihhs. At site the bed movement is tairly general at a discharge of one 
UM. 


This material was, therefore, removed and Banipur sand (average diameter 
9 ‘(^ in.) mixed with 5% to 10% of shingle up to | in. size was used with the 
scale same as above. This gave good correspondence of gauges upto floods of 
60,000 only and thereafter the bed movement was so excessive that the model 
was difficult to operate. Even by changing the discharge scale to 

based on Qr—Lr. Br the bed movement was unmanageable and the 
gauges became very low. 

With tiM experience in hand of the above extreme cases, it was clear that 
a suitable mix of bed material had to be evolved which should represent movo- 
Bwnt of sand at 30,000 ousecs, small shingle upto 3 in. at 60,000, bigger shingle 
* m. and smaller boulders at one lakh and general bed movement at 125,000. 

. * exa^eration of 1 : 4 was also considered to be excessive for this 

of model and conwquently the vertical exaggeratiow was altered from 
l:4tol;3. With this vertical exaggeration a mix of about 50% of | in. to 
1 in. shingle with 25% of J in. and 25% of Banipur sand was ultimately foxmd 
to give most satisfactory results with a discharge scale obtained by trial 

ISSoo- 


With the gauges satisfactorily reproduced for 1942 onwards, with the above 
Rcale, a tim e scale of was decidecU The silt charge was also controlled being 

pufflip* Provinces Irrigation Besearoh Station Report^ on Besearch Progress during 1947 ^ 
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finat material at low floods and mostly heavier material at higher floods in 
varying quantities increas'ng with the increase in bed movement. Floods were 
now run for 1942, 1943, 1944 and 1945 to check the survey after the floods of 
1945 viie Figure 2C. 1. The correspondence obtained at the model was very 
encouraging. 

Thus the model proved itself quite satisfactory with the following scales 
which were adopted finally : — 

Length scale .. . . .. 

Depth scale ... . . . . Df=is 

Time scale . . . . . . Tr=it 

Discharge scale ■ .. Qr ^-— — 

By this time the survey of 1947 was also almost ready and the 1945 survey 
was further checked by running flood hydrographs of 1946 and 1947. 


DEVICES TRIED AT THE MODEL 

hile pro%ang the model it became abundantlv clear that another one dr 
two.oycles of floods of intensity in the neighbourhood” of ^ takh are likely to pull 

chmueL In fact while inspecting the junction 
of FAnkhal and Bijnor channels, it was found that only a rapid of extraordi- 
large med boulders at the mouth of the Kankhal channel is standing in ’ 
me way rfthis Mtamrophe as, below the junction, the level of Kankhal channel 
w K. L. 908 wlulo that of Bijnor channel is E. L. 912. . The latter being at the 

^er m^ve is shoahng and thus inducing more and more clear water in the K an- 
khal chaimel. 


(?) It was suggested by Superintending Engineer I to try the result of 
extondmg the prewnt Kankhal bwid by about 2,000 feet. Tn doing so, 
the towm of Kankhal was maskedup to Patiala House only, but this did 

the river turning completely Into Kankhal 
channel. E^dently the result of this device was to shift the trouble fur- 

m thP portion of tbe town was still 

1?^ of submergence at high floods as also of intense bank erosion. 

Chief Engineer had also ordered to investigate the effect of join- 
Kankhal bund as per request of the peVl« 
W 'Oet gap between tbe existing Kankhal 

and the aban^nedpb^onbfthe old bund Was closed in a smooth angle 

WL inmediafely brbught the entfre 

«into severb action. BeJdessuch ah abrupt 
“ eonsidemble afluxas well. At the 
portion, the current again swung to the right 
SJ not develop even with the 

restore 1 ^afly too it would cost a great deal to 

.sctaasssassssacis^ 




Figure 2C. I Showing survey plan of Ganga River at Hardwar ( after rains of 1 945 ) 
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(ui) Adi attempt was now made to develop Bijnor channel directly with 
the help of a spur by diverting the water of Kankhal channel at the junction. 
There wasstill some swing of the current towards Kankhal resulting in severe 
scour at the nose of the proposed spur. A parallel flow of some intensity was 
also obtained along the abandoned old Kankhal bund. However, the curva- 
ture was reversed sufficiently to throw the be I load towards Kankhal channel 
and choke it to a great extent. But, this position of the spur looked 
undesirable in view of the extreme tightening of the river section which 
caused both severe action and affiux. 

% 

(«») The above experiment suggested a more suitable place for this spur 
sho\\ 3 i in Figure 2C. 3 taken from chainage 1,400 of the bund and kept almost 
in the same direction as in ( Hi) above. The length was also reduced from 1 ,200 
feet to 960 feet and the head of the spur reached the point of contra-flexure of 
the curve resulting in bringing- the Bijnor channel at the outer curve. On 
running the model with this spur, the bed load was -visibly piled up against the 
old Kankhal bund and also entirely filled up the gap between the spur and the 
old &«!?(?. Some spill continued vvhich helped to raise the water level behind 
the spur and thus in spite of increasing floods, the difference between water 
levels upstream and downstream of the spur did not change materially. 
The difference in water levels was only about 10 feet upto floods of three 
hhhs and at 67 0,000 this increased to 16 ♦ 5 feet. 

■I 

When testing this device for -670,000 the flood level got abreast of the exis- 
ting top of the 6«Bd(E.L. 949-0) at chainage 1,400 at about 5 luMs and there- 
after it started overflo-wing the bund below chainage 1,000, the water level 
upstream of the spur being E.L. 945 ' 5 at seven lokM. The top of the existing 
bund upto chainage 1,400 and that of the proposed spur may, therefpre, 
be kept at E.L. 948, while the nose of the spur can be kept at E.L. 944 as 
there was considerable slope in the water surface along the spur. 

An additional advantage, besides a thorough choking up of the gap bet- 
ween the spur and the old hurd, was that it seemed utterly unnecessary to re- 
pair this old bund. Only at floods higher than 3^ hkhs the downstream nose 
of the bwKd came slightly into action and the bund started overtopping. But 
the bed material still continued piling up along the old thus making it 
difficult to breach in spite of overtopping. The nose downstream of this old 
bund is already partly armoured -with concrete blocks and it would be advisa- 
ble to repair the noses and fill up small gaps in the bund to avoid ^ills at 
medium high floods. 

As a result of running seven hhhs of flood it was seen that the main stream 
got, straightened both upstream-and downstream of the proposed spur. The 
Bijnor Channel continued to develop up to 3| loMs but later on anew central.. 
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ohannel was scooped out. However, on subsequently running tbe model with 
lower floods, the tendency of recovering the old curvature was apparent. 

RECOMMENDATIONS 

(1) As a result of model investigations, it is suggested that Bijnor channel 

most be developed at all costs to prevent the Kankhal town from floods. A 
S60 feet long spur as per Figure 20.2 is recommended to divert the flow of 
Eankbal channel into Bijnor channel from which the materials for this spur 
should be quarried. Severe action should be anticipated at the nose of this spur 
and the scour can be as much as 30 feet. The spur should be designed for a 
head of 20 feet although the difference on the upstream and down- 

stream of the spur obtained in the model was 16 • 6 only. 

(2) With this device, the volume of water going towards Kankhal will h^ 
comparatively very little, say 5 to 10 per cent; As such it is anticipated that 
there shall be no action either at Patiala House or at Daksh Temple. No 
protective vrorks are, therefore, recommended for these sites for the present, if 
this spur is built. 


. {2) TOTBAINEIVEBGANGA UPSTBEAM OFBHIMGODA WEIR FOR 

EQUALISING THE FLOW ON WEEB CREST AND EBEl^FNTING 
BETBOGBEISION POWNSTBEAH C) 

ABSTRACT 

Alter the constiuction o{ present head work inl9S0 it was considered 
desirable to bring the main stream upstream of the wave to the right to avoid 
parallel flow during floods as the sluices and the new supply channel wei^ 
situated on the right. Gives detail of model experiments carried out to train 
the river for this purpose. 

The weir consists of six sluices each 50 feet long and six bays of open crest 
each 300 feet long, on the right flank, vide Figure 2C.3. The levels of the re- 
<5ord high flood of 670,000 obtained in 1924 were E.L. 962*25 upstream and 
R.L. 987*57 downstream at the sluices. At the left flank, it was R.L. 964*6 
Dpstream of the weir. At this time R.L. of sluices was 936 and weir crest 
945-3 all along except that bny No. 6 has been raised to R.L. 948 • 3 in 1922. 


(’) United Pioriaces Irrigation Researcli Station, Report on Reseaxcli Progress duiingl9A7, 
Images 64— 57. 
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After the floods of 1924, a cut in front of the sluices known as B.B. cut was 
made along the rigiic afflux Jandin 1926 to attract the deep channel towards 
the sluices. Simultaneously the bays No. 6 and 6 were raised to E.L, 962 and 
Nos. 3 and 4 by three feet i.e. to R.L. 948 • 3 against the sluice R.L. 938. This 
ultimately forced the B.B. cut to develop into a straight deep channel in 1927 
an 1 the old main stream opposite bays No, 5 and 6 known as Chilla channel 
got silted up gradually. This worked very well for a few years but soon the 
entire stream got diverted to thesluiceT and the dijoharge a^ros^the weir 
dwindled very considerably. Evidently the raising of bays No. 3, 4, 5, and fl- 
has been overdone. Another thing for increasing the retrogression was the 
raising of the upst earn floor at the sluices to R.L. 939 in the year 1944 which 
created increased drop at the sluices. The concentration of river at the 
sluices has started creating serious difficulties during the past few years. 

MODEL lEVESTIGATIONrS 

On the model Figure 20.1, with levels of the crest as existing at present, 
floods of different intensities up to six lahhs were run and it was found that the 
Chilla channel would not develop in any case. The channel bifurcating from 
the B.B. cut towards bays No. 5 and 6 on the left indicated some shoaling 
tendency vide Figur ; 2C.1. 


On inspecting Chilla channel it was found that it was full of fine silt and sand 
thus indicating that it was taking only surface waters from the outer curve at 
its head. Accordingly it was feared that bays No. 6 and 6 in front of Chilla chan- 
nel must not be lowered too much. It was thus decided to lower the crests of 
bays No. 6 and 6 by 1 • 6 feet only in the first instance. Several cycles of floods 
were run and- the Chilla channel showed no mgns of development. Only slight- 
ly better flow started in the channel taking off from the B.B. cut on the left. 

Crestof bay No. 3 was next lowered to R.L. 945*3 (R.L. of baysNo. 1 and 
2) and Nos. 4, 5 and 6 kept at R.L. 948*8. This passed better supplies in 
bay No. 3 only from the B.B. cut. The channel approaching Nos. 5 and 6 did 
not show much improvement. The afflux between left and right flanks 
upstream which was previously about 3 feet at l*51aMswas now only 1*25 
feet. This indicated an increase in the discharge per foot from 24 cusecs to 44 
cusecs in bays No. 5 and 6. The discharge in bay No. 4 was, however, consi- 
derably reduced compared to what it was when bays No. 6 and 6 were at R.It. 
952 being now only 44 cusecs against 60 cusecs per foot previously. This also 
resulted in shoaling upstream of the bay No. 4. Thus taking the average of 
all the three bays (4, 5 and 6) the average discharge improved only from 36 
cusecs per foot run to 44 cusecs per foot run at floo£ of 1 * 53 laMs, vide Table 
2C.3. 

Superintending Engineer, I, on inspecting the model, suggested shifting 
of groyne between bays No. 3 and 4 to the pier between bays No. 4 and 5, as 
that might help cutting the island above in low supplies. On trial this was 



620 


THE OENTEAIi BOAi© OF IBSIGATION AKNUAL REPORT 1948 


O 


•s. 

I' 

s. 

« 

t 

«0 

'S 




5- 

r- 

5= 

1 

;S 

.1 

*«« 

tS 

c 

>« 

s> 

.e- 

5 

CC 

S5 


1 

!i 

a? 


S 

1 

Groyne in 
front of 
pier No. 3 
as existing. 
There was 
dead re- 
gion 

around the 
groyne. 

1 

•S'® 

d« 

« ^5 

q^9X no znxBy 

o& 

9 

1| 

if ' 
P - 
1 

ipinaaxa Snis 

-s«d oSiBqosip :^uda 09^ 

w 

t- m 

«o eo 

•i^oqj 

dnnnxni J9d oEreipSTCx 


€ S S S ^ ^ S 

B;.saiojo 

CO 

CQ CQ eo ee eo CO O 

$ IS ^ ^ 3 k 

9 os ^ CS A OS 

1 

a 

CS 

ja« 

^ s 

OD 

•a 

03 

1. 

lO 

Groyne in 
front of 
pier No. 4. 
It masked 
Bay No. 4 

!Uox no sn®v 


us 

CN 

jeprixoxe Sms 

•SB(I aSisqosip (^ngo ja^ 

« 

S ' s 

lad daiBqastQ; 


O CO CO '<t!( -Idi •dc lO 

o o CO cq ti< o 

sosaia JO •st[ 

- 

*? eo eo eo eo eo o 

^ >C so CO 00 00 » 

o :3I ^ 'dt Tj4 CO 

Os Os os o Qa os 

i 

1 ^ 
i V 
! 

, as 

1 si 

! 1= 

JS d 

15 

V S 

, 11 

5i 

. 1 

S 

- 

to 

^.2-a§ 

^jex no xuigy 

OS 

«? 

V 

japnpxo Sms 

.sud eSjunosip i^’neo toj 

>i0 

• CD 

• CO CO 

(^OOJ 

Sniawiu aad oSib^obiq; 

1 

r» 

« ^ O 'H ^ ITS 

CO O CO 'T< Th -1* CO 

l-H 

b;s9jojo '8''I*H 


J SC CO SO CO X eo O 

us 1C X 00 ob cib o 

-1< TJ* •pH ^ CO 

o Os OS eb 9 os 

1 

1 

1 

' A 

j -Jjusp tio xii®y 

1 


o 

X 

jspnioxo Saw 

-fisd aSiBnofiip J^ueo wj[ 

'd' 

« t- 

u; -* 

soosno 

ui ?ooj lad oSjtmiosiQ; 

CO 

i> t- w o tH •d* O 

CO CO X CO eq* c4 ^ 

ei 

1 Q 

■3 

' 1 

sijsajo JO -sq -^1 

ei 

X X X X o o o 

w w « bb « M ds 

i S S 3 S S S' 

i* 

o 

g,li 

«Se;S3 


p^'ei X -^jJO.cD 

CQ 

OCO 

S* 35 

.« a^H 













BIVBS COSTBOL 


621 


found to screen bay No. 4 completely, reducing its discharge to 24 cusecs per 
foot run against tbo original of 60 cusecs. This bay was, as usual, getting its 
supplies from the left channel only and thus resulted in reducing the average 
discharge from bays No. 4, 5 and 6 to 36 cusecs as originally. The present 
position of the groyne was thus left rmtouched and it was considered neces- 
sary to lower bay No. 4 to B.L. 945*3 to create better draw from the eastern 
channel The position improved considerably and the island upstream show- 
ed signs of being cut away gtaduaUy due to increased velocities on either flank. 
The average discharge per foot from bays No. 4, 5 and 6 now became 56 cusecs. 
There was stiQ water at the groyne between bays No. 3 and 4. 

The distribution of flow across the weir was now much better, as apparent 
from the comparative statement given vide Table 2 0.3 for a discharge of 
153,000 cusecs. 

REOCnniEENDATIOBS 

( 1 ) From the above, it is clear that the reliefthat would accrue at the sluices 
with the alterations suggested would mean reducing the flood percentage from 
47% to 33%. |It is considered that this would by no means prove any drastic 
change in the regime of the river upstream and may be adopted in the first 
instance. Any modifications to this can be studied after esrperiencing the 
floods for a year or two. 

(2) The crests have been so lowered that the eadsting gates of bays No. ' 
3 and 4 can be utilized in bays No. 6 arid 6 and a fresh set of gates may be ^t 
prepared for bays No. 3 and 4. 

(3) A length of 32 feet crest blocked in bay No. 1 may also be knocked off 
which is wholly responsible for a dead region just below the fish ladder and will 
further help in e(]uitable distribution of discharges across the weir, unless re- 
quired for the protection of the crane house. * - 

{3} MODEL INVESTIGATION FOB THE FBOFOSED MOB BABBAGE («) 

ABSTRACT 

IntheMopPro.’eci, a barrage was proposed to bicoonsfracted on the Mor 
Kiver at a site called Tilpara Gbat mar Sari in to district oi B.rbhnm in 
Bei^L The design (fl the structuie and its tentative position in the river were 
sr^gestedbytoSupermtendingEi^ineer, Special Duty, and the problem was 
referred to to Ihstitute for investigation in to models for decision on the 
following poinis:- 

(1) The exact selection of the site, position and orientation of the barrage. 

{2} Training Works— Design of guide banks, bank and bed prcteetion, 
design of divide walls. 

(c) Methods of regulation of the undersluice and ban^e gates. 

(4) Silt excluding devices, if necessary. 

(5) Testing to proposed sectioim for uplift pressure and soifase flow. 

(6) Determinatioii <A to necessary downstroam protection like friction 

blocks on to downstream floor. 

{•) BiTW Bonwch Wert Bengal, Annual B^xt> 1M7, pages, ez-07. 
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It was decide:! that the items (1) to (4) above were to ?e tried in a rwe* 
n’o^U and 0 part river model oa a b'g'ge: scale fof item No. (4) above, if 
foimd’ necessary. Item Nos. (5) and (6) were to be investigated in seot^wial 
models in a flume. Gi/es remits experiments. 



Figuie 2C. 4 : Showing the Survey. Plan of More Ptveer. 

MODEL AND EXPERIMENTS 

This model was oojistracfced and worked to investigate the points (1) to 
t4) mentioned above. 'Work done on this model during 1946 was published in 
the Aunusd Report of the Insti^te for 1946 (Publication No. 2). As mention 
ed in the last paiagrajth on page 32 of this publication , the authorities iu-oharge 
of the constcu^ion of the barrage found on farther investigation that it would 
be possible to construct the barrage at cross section No. 3 Figure 2 C.4, without 
removing any of the memorials. As the barrage at cross section No. 3 itself 
was found to behave better than at 120 feet dowstream of cross-section No. 3 
(mentioned in 1946 Annual Report) it was necessary to try different orientations 
of the barrage at cross-section No. 3 and find out the best position. The river 
model was first built on horizontal scale and vertical scale ^ • TBhese 
scales were chosen because they were found to work well inthe case .of the river 
model of the Damodar, a flashy river (shallow and wide) like the More But 
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it was fouad that hed movomeat near the barrage in this model would not 
start with discharge below 100,000 cusecs. The canals, however, would bo 
closed in the prototype when river discharge would go up above 100,000 cusecs. 
The problem of silt entry into the canals could not therefore be studied in this 
modeb Jn January 1947, when the first part of the experiment was complet- 
ed (published in the annual report of 1946), it was decided to change tlie verti- 
cal scale of this model to t?., so that bed movement might be initiated at lower 
discharges. In fact, when the model was run after changing the vertical scale 
to bed movement near the barrage was observed even at the discharge 
equivalent to 25,000 cusecs in the prototype, which is the average high discharge 
of this river. The canals would be kept open m the prototype at-tliis stage and 
it was therefore thought possible to study the silt exclusion problem in this 
model. The change of the vertical scale from to^ti revealed on impor- 
tent feature of the limitations of model experiments. With the barrage in posi- 
tion No. 4 (Ref. page 29 of 1946, Annual Report — ^barrage at croas-seotion No. 3 
with right head regulator flush with the right bank and centre line of the banuge 
ma kin g an angle of 6° 30' with cross-section No. 3 towards the upstream) a sur- 
face roller wsrs obsorvod above the barrage when discharge veus equivalent to 
10,000 cusecs in the. river. No such roller was obser'ved at this river dischargo 
when the vert ical .sca le was A- This r ■Her is 2 n‘o< liioei I by the transfer of momen- 
tum from the advaiic-iug fiolumn of water on tlio riglit bank to the stagnant 
mass of water on the left. With increase of scale the magnitude of the moinen- 
tnnn tramferrc'd increases and g(jes above the inmimum value necessary to put 
the staguiiut mates <if water on the left in rabtiou. This exphuns why the rol- 
ler was not observed when the vertical scale was s'n . but came in view when 
the vertical scale uus inceased to ife . It follows that with increase of scale 
this minimum value is attained with lower discharges, so tbtt the roller is ex- 
pected in the prototype at a much lower discharge than at the stage ohsorvi‘d 
in the model. 

The design of the barrage was slightly modified at thi.s stap by the Dc- 
sigii.s Office by reducing the barrage watenvay by CO feet and raising the whole 
stmetiire by two fwt. The barrage was constructed according to this altered 
design and ] Hit in the model. The total length of the barragfj between the 
inside of two hesid regirlators wJis 1,032 feet, the crest levtd (»f the undershiice 
section was at ll.L. 192'0, the crest level of the weir section was at R,L. 195 ’0 
and the sill level of the bead reguktons was atll.L. 199'0. The pond level to 
be maintained above the barrage was as before at R.L, 207-0. The following 
three orientations of the bariage line at cross-section No. 3 were tried in the 
model. 

(1) Ban'age line making an angle to 15“ with cross-section No. Stewards 
the upstream with the right head regulator the right bank 
at ciuss-section No. 3, 

(2) Barrage line making an angle of 6“ 30' with cross-section No. 3 to- 
wards the upstream with the right liead rcgulator/Ms7j icUJt the right . 
bank at cro.ss-.se(;tion No. 3. 

(3) B.!ii’rage line placed along cp.ijM .scolkui N'*. :5 with the right h«ad re- 
gulator / ms7« with the right bank al cros.s-Beolion No. 3. 
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The oouditions of flow for case (2) above was found to be the best. 
To avoid the upstream nose of right head regulator project inside the river bed 
the inside face of this head regulator was constructed to make an angle of 100® 
with the centre line of the barrage. Tlris worked well. 



Figure 2 C.5 : Survey Plan of Evm Mor slwwirhg tJte conditions of flow 
with Barrage line making difj^ercnt angles with cross-section No. 3. 

The best shape of the left guide bank was found after some adjustment. 
The length and jjoaition of spurs on the right bank above the barrage, found 
previously (described in J946 Aimual Bepoii) was foiuid to work .satisfactorily. 
The whole amuigment is shown in Figure 2 0.5. This was fou?«l to .{«> the 
best arrangement with the banage at cross-section No. 3. 

The undesirable feature of this site' was that for the average discharge 
of the river, the whole flow was concentrated within the right 400 feet of the 
barrage, and the whole volume of water within 4,000 feet above the barrage 
except this narrow strip along the right bank w'as more" or less a atajmant 
pool. The following devices were tried in the model to distribute the flow over 
the barrage more unifonnly and initiate forward movement over the Avhole 
width of the pond : — 

(1) Pitched islands above the barrage. 

(2) A cut fv<»m cross-section No. 7 to the left underslnice of the barrage. 

(•1) X spur at the right bank at •■ross-secl jou No. (i in comhinatiou with 

an uiitial cut from the right bank to Ihc left undcisluiCe as in (2) 
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None of tliese device produced the desired effect. Fitohcfd islands did 
not come into operation ezeept irlien. the discharge in the river was high. 
This happened very rarely not even for a few days in every year. The cut 
was up with sand as soon as the discharge in the river increased. 

It was also found in the model that the silt entering the le:ft bank canal 
was nearly ten times more than that entering the right bank canal. It was 
noticed that silt would deposit in the left pocket in the front of left canal head 
regulator to be picked up ftom there into the canal. 

The different portions of the barrage tried so far were confined within 
tho reach between cross-section Ko. 2 and cross-section Ko. 3 as this reach 
was considered to be suitable from the construction point of veiw. The right 
bonk below cross-section No. 2 was rather low. But the best position within 
this rearil as found above still had the following undesirable features : — 

(«) A slow moving roller was seen to persist just above the barrage at 
low discharOTS of the river. This is likely to lead to the formation 
of an island just above the barrage leaving a waterway of only 
about 400 feet width along the right bank. This oonstfucticta 
will be dangerous when a flo^ above 50,000 cusecs comes over tho 
t»riage. 

(5) A flow jiaraM to the barrage from the right pocket to the left also 
persists and this may lead to excessive silt entry into the left 
bank canal and heavy scour at the nose of tho divide walls. 

The operation of the model in this position was shown to the Chief En- 
gineer on September 25, 1947. He desired tbat tbe matter be referred to the 
Crmsulting Engineer to the Government of India, Central Waterways, Irri- 
gation and Navigation Commission who inspected the model experiments on 
October 7, 1947 and October 23, 1947 and decided in favour of a site 2,760 feet 
below cross-section No. 3, in 8i)itc of some constructional disadvantages there. 
The following two positions of the barrage at this lower site near cross-section 
No. 2A were tried in the model 

(1) The right head regulator pushed 200 feet into the river bed and the 
barrage line making an angle of 17® 45' with cross-eection No. 2A 
towards the upstream. 

(2) The right head regulator kept flush with the right bank and tbe bar- 

rage line made normal to the right bank line joining the hank 
points at cross-section No, 3 and the Ijarrage site. The right bank 
From the ri^b head regulator lo (Uoss section No, 3 wn s made straight 
by removing the bank at one place and filling at another place. The 
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total earth work was less than 600,000 cubic foot. The right guide 
bank was to follow this bank up to the cross-section No. 3. 

The foUoTOrg levels have been fixed by the Design Officer for placing the 
barrage in this position 

■ (a) Crest level of the undersluicc section =il.Tj. 1 90 • D 

(b) Crest level of the weir section=R.L. 193 ’6 

(c) Sill level of the canal head regulators=R.L. 198-75 
{d] Pond level to bo niaintained=E.L. 206-75 

In position (1) above the flow over the bamgc at high discharge was not 
uniform. The main flow during high discharges was found to pass ovej- the 
right two-thirds of the barrage and the mtensity of flow over the left third was 
comparatively much less. To remove this defect the riglit bank canal regu- 
lator was made flush -tt-ith the bank and the barrage line tilted to be at right 
angles to the line joining the bank points at cross-section 3 and tho upstream 
of the right regulator. The shape of the left guide hank was adjusted so as to 
]pad][tbe current smoothly along it at high stages without any attack at any 
point on it, The barrage in position (2) above with the guide banks is shown in 
I7guie^20.6. With tliis position of the barrage there was wider passage of 
straight flow along the right bank expanding from 5CH) feet at cross-seotion No. 3 
to 800 feet at 400 -feet upstream of the l»n-ago line whose total width was 
1,032 feet. Tho left undersluicc' ])ock<'t only was within tho stagnant water 



P bWe ijO.C . Plan ojtheluver Mur near Ttljiarn Ulml shewiny llie positionof guide toils' 



BITEB OOmOL 


127 


zone, but even there the bottom. 11* iw was observed to^^be towards the pocket. 
The zone of fonvard flow was marked nicely by mustard seeds depositing on 
the bed on the left edge of the channel. (These mustard seeds were thrown 
from cross-section No. 9, about 1 J mile above banage, while a steady discharge 
of 26,000 cusecs was passing over the model for S-hours), Figure 2C.7. The 
zone of surface roller and a stagnant water, Figure 2C.6 was fairly above the 
barrage and any high island fonning within this zone would not bo as dange* 
rous to the b:UTage as when it was at cro&s-section No. 3. This site, Figure 
2G.6 was, therefore, considered to be lictter than the site atjcroas-section No, 3 
shown in Figure 2C.0. 



Figure '20.1 ‘.Sltowing the lines of seed dejmit on the bed after eight howsrm 
with 25,000 cusecs [Mor River Model.) 

It was found that the right baivk at cross-section No. 6 and cross-section 
No. 3 was attacked hy the liver at all stages. To protect the bank at cross-sec- 
tion No. 0 the bank was pitched with stone chips from 2f)0 feet above to 200 
feet below the eruss-st'ction point. It was found that luiless the right bank 
at eTOS8-.section No. C is held, attack at cross-scction No. 3 will increase. To 
divert the attack on the right bank at cross-section No, 3, the following systems 
of spurs were tried : — 

(1) One downstream spur of 100, 160 and 200 feet respectively at cross- 
section No. 6. 
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(2) One T-hesftd spm- ut eross-seotiou No. 0, projefttmg 16tl feet into tlie 
rim bed. 

(3) One downstoeam Epux 1 60 feet long put up at a point 300 feet belotr 
cross-seddon No. 4. 

(4) One domietream spur 160 feet long as in (8) aboTO and one down* 
stream spur 1.60 feet long placed at a point 2SO feet above erops- 
sfeeticm No. 4. 

(B) The two spars of (4) above with another downstream spur 80 feet 
lung placed at a point SCO feet above orose^sectioft No, 3. 

(b) The two sputa of (4) above with a T-headapur in place of the Srd 
spur of (5) above. 

The reaults of experiments showing compaiative silt entry mto tlio 
canals are given in Table 20.4. 

TABLE 2C. 4 


Bate of 

DItohaige 25»000 ctuees run cmx the 

Quantity of xnueiard eeeda in 
grain 

expedmsnt 

1947 

barrage in the finid position 2,750 
fprt below cposs-seetion No. 3 

. 

Dropped 
atO.S. 
No. 9 

Entering 
the Eight 

Entering 
the Left 
Canal 

VoTomberS 

WIthoot any epnr 

*3,600 

36 

410 

Noronber IS 

With a spar 160 S»et long at C. S. No. 6 

3^ 

22 

469 

SforaaberSl 

tntfc a .pnr 800 feat hog at 0. S. No. 6 

' 8.600 

u 

119 

Beeembeil 

With a T'haad nor nxriaotfeg ISO feat 
fiom the Tight liank at C.8TNo.e ’ 

8AOO 

20 

210 

Decembers 

With a spar 100 feet knf at a point 800 
feet1l)«lowO.S.No,4 

3.600 

6 

90 

DmmbM IS 

With a mn 180 feet long at a point 800 
feet belira Q. S. No. 4 and a qpnr ISO 
feet kng at a point 230 feet above C. S . 
»o.4 

3.600 

16 

178 

BeMiiaberSl 

With two ipuiB ae In above and avo*l^yr 
T.head epoz at a point 800 feet bdov 
0. S.No.4 

8.600 

SO 

100 
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(4) PROTECniNG THE BIGHT BANE OF THE EITAEEAI BIVEB 
ABOVE THE BENGAL NAGPUR RAILWAY BRIDGE NEAR 
CUTTACK (ORISSA) (») 

ABSTRACT 

The Kuakhai takes off Srom the Eatjuri Rivei' on the southern side of 
Cuttaek. The Bengal Nagpur Railway crosses the Bfbhanadi, the Eatjuri helow 
Kwtkhai head, and the Kuakhai. These railway bridges are not provided 
with guide bimks. Upstream (ff the Kuakhai head, the Eatjuri spills over a 
vast stretch of low area known as the Bank! Road spill. This flood spiU 
begins to flow when the total Mahanadi flood above Naraj is about 10 laiJts 
caosecs and finds its way mainly into the Kuakhai above the railway bridge 
and to a very small extent flows downstream of the railway embankment 
through Culverts. Describes experiments carried out to protect the right 
bank of the Kuakhai. 

The Orissa Public Works Department had obsewed the discharges of the 
Kuakhai at the railway bridge in 1939 and 1940, when the floods of the parent 
Mahanadi had risen to 13*61 ia/i'/fs cusecs and 14*545 laMts cusecs respecUve- 
ly. Based on these, the discharge of the Kaukhai, with a 15*5 lahhs flood in 
Mahanadi works out to 2 * 66 lakhs cusecs, which is the same as indicated by the 
Mahanadi model. Rihind had computed discharge figures of the various bran- 
ches of the rivers for the 1872 flood conditions, but these figures may not now be 
applicable ; («) because of the various 1872 breaches in the ombankruents in the 
Kara] gorge, and also at the head of the Katjuri ; (6) because the Barang Naln 
taking off ftom the right bank below Karaj no longer exists ; and (c) because of 
the a^adation of bed levels and changes in channel sections that have occurred 
since. 

Though the history of the scour along the right bank of Kuakhai, upstream 
of the railway bridge, is not available, yet it appears that the trouble is 
a chronic one and was met in the past by providing short term protection in the 
shape of stone pitching as and when required. There now exist two disconti- 
nuous pitched banks one being at right angles to the railway bridge and the 
second curved bank projecting beyond the normal alignment of a guide bank 
with a gap in between the two, probably to admit water from the small naia. 
This mla, as seen from the topo sheet, has no regular ca^’chment and appears 
to have fiyzmed by the scour caused by i he Bank! spill watei’s. In recent 
years there has been serious erosion at the upstream end of the curved, detached 
bank. 

THE MODEL 

After extending the Katjuri on its right bank tp’the raUway embankment 
the existing, 1/400:1/66, vertically exa^erated. model of the Mahanadi and its 
branches was used for these experiments. This model was a ready asset in the 
speedy solution of the problem, because the model had correct entry and exit 
condhions. At the beginhing of each experiment, the model w^ rel^ to 194S 
conditjona and flood cycles rising from 6 lotfts to 15 laMs and feJKngb^to 

(^j CeatnU IVateirwaM Inigatioa and Kari.atioa ftMearok Station Pooob, Annusl Bepnt 
Teeboioal, 1847, pages 8»-48. 
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fi hlh aliove Naraj wero repeated till stable coaditions were obtained. 

EXPERIMENTS AND DISCUSSION OP RESULTS 

Exj^nment ^o. 1 with exisling coydUiom. — In. this experimoat, the dis- 
continnoTifl stone pitohingi.- on the right bank at the bridge were reproduced. 
The curved projecting portion of the pitching acted like an attracting spur as 
expected. It was orginally considered that the Banki spiD, flowing into the 
Kuakbai, might be the cause of eddies and turbulence and thus be responsible 
fur the scour. Visual observations, howevej, indicated that the attack at the 
iio.se was severe when the Bank! spill was not flowing. 

Having repxtiduced the prototype conditions in a preliminary run, ‘ re- 
pelling spurs ’ l.-JOU feet long (where river width -aljout Icet) with their' 
shanks raised above high flood level and jcined to the railway eiiihankniont were 
lusteil, 2,6(10 ftset to 4,000. feet upstream of the bridge, but weiu not seen to bo 
t.atislaci,orily effective in diverting tlie flow away from the right bank at the 
bridge, - 

A set of two spura, ■ciz., one ‘ attracting '__spux‘’ on the right bank .and the 
other ‘ repelling spiu ’ on the left bank at the offtake of Ku.akhai, wert' also 
tested to centralite tho flow’ tlirough the Bridge. The lengths of the spur- 
wBi^ varied from 400 feet to 1,200 feet ; but they, too, did not prove satisfactory 
in that the ‘ attracting spur ’ being on the convex (i.e., sanding) side did 
not act as an attractiug spur ; and, also, in that the conditions at the bridge 
did not improve. 

In Experiment No. 2, therefore, a continuous stone pitched guide bank 
was tested, Figure 2 0.8 
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LENGTH OF THE GUIDE BANK 

GhsiiCTally, ancortling to the wiilely aceopted practice, tlic langtli of a guklo 
bank is maJo equal to the leugth of the bridge, lu the present case, however, 
the railway bridge was considered to be much too long for the following 
reasons : — 

Table 2 G,5 shows the data of the railway bridges across the Katjuri and 
the Kuakhai. 

TABLE 2 C.5 


Serial; 
No. . 

1 

ItemH j 

Katjuri Hail way I5i*i<lge 

' Kuakhai Hail way Ilritlge 

1 1 

1 

1 

(J (di.srbitri(e in eu.s^-eii) | 

5* SIS htk/i^ 4*u.s<*e.s (e.vtra- 
pnlaleU from ohserveil 
tij'ures nt* ami lll-UI) 

i 2*t>ij luUt^ fusiM's (exU'apo- 
i latrU frum oitserveJ iigiite^ 
j nt* ll)3U and 1940) 

■ :i I 

ir -(U'lijiUi ut*lhe hridi;**)' 

2,70o leeiy 

' S.tHH) feet 

I d 

rill .. i 

s.eo .. 

' n.S2 1 


Lacey W Le. ir=2-07v fjj 

L»,0u0 feet 

; 1,373 feet 

1 1 


Comparing the ‘ 0 ’ values in item 3 of Table 2 C.5, it is considered that, 
ooinparod to the Katjmi Railway Bridge, the Kuakhai Railway Bridge is 


I -02 ( timos tco long fcr tho, diseliarge it to pass. 

Even allowing for tlie fact that tho Kuakhai lies on the amvex arm of the 
IjraiK'h anrl tv^ould then^forc he wider hy viiiiuo of sanding ”, it would appear 
sufficient to assume the Kuakhai bridge 2h% longtu* relatively, having 
a U value of 4-4 in W=^X\/Q against S • 0 for the Katjuri and 5 • 82 for the exist- 
ing, inordinately long Kuakhai fjridge. The guide l»apk was thus kept 2/270 
feet long. 

The guide bank was connected to the railway embankment after rounding 
off its nose with 1,000 feet radius, 90^ curve. 

PLOW CONDITIONS 

Plow conditions with this guide bank were markedly better than under 
existing conditions. 

Though with lo^v floods, the flow hugged the guide bank, yet the high 
velocity filaments w'erp away from it ; and when the Banki Koad spill began to 
flow witli floods liighcr than about 10 luMiS (above Kavaj), the spill discharge 
was smoothly guitled along the shank of the guide l>ank joining the carved 
hoatl to the railway rmibatiknieut. With tlie peak flood, the liigh velo(*.ity 
filament, whidi was zieai* the curved head, gratlually moved away fnmi the guide 
))ank bo tlu'd at the bridge it was nearly 400 feet away from the guide bank. 
It was ofjserved that round the curv<id nose of the ftml)anknient, the scour was 
less than under existing conditions ; because the flow was smoothly guided 
along the 1,000 feet radius curve. Between chainages 1,000 feet to about 
1,800 feet, however, though the scour depth remained the same yet a deep chan 
nel formed along the toe of the embankment. This, however, is quite natural 
due to the attracting effect of a guide bank ; and with a properly desigoed 


CSjj THBCEjmiA.tEOABBOrTmGATIONiNOTi.TjR'Ei'OST tdiS 


falling apron, ths* eonditiuji will bo woll umler contml. Tt in for this reason that 
tlie reach hotwocn cliainageH 1.000 and 2,800 feet is proposed to be provided 
rrith a launching apron sufficient fi r a scour depth of '21) 

DES’GK OF the GUIDE BASK 

As plenty of sand is available at site, the guide bsmk may be made with a 
sand core— •width at the top=6 feet and haxnng 3 feet thick, one-man stone 
pitching on the side slopes. As a measure of safety, it is essential to lay a 
kwinehing apron sufficiently thick and long to launch and line scour-holes that 
may develop along the guide Iwuk. 

Accoiding to thf model tibservatiiom. scour hole is expected to he deep 
in poitaon Cl) from cluiinages l,(KlO feet to ciiainages 2,800 feet oi‘ tlie em- 
bankment, being shallower beyoiul chuinage 2,8(JO. Hence, the launching apron 
may be providtid to be adequate for n inaxinnim ilepth of— ■ 

I 'O 7) or ftM!*’-, say .35 feet, from chainage 0 to 1,0(M) 

■ 2D or 46- 71 feet, say 47 feet, from chainage 1,000 to 2,800 

D or 23*37 feet,- say 25 feet, beyond drainage 2,800 

(where D Lacey =0*47 {Qf)' \ and Q=2*66 lakhs ciise.es 

and/=l*96). 

With H. F. L. 79*4,’_the deepest bed will be at 
R. L. 44-4 between chainage 0 and 1,000 
R. L. 32 • 1 between „ 1,000 and 2.800 

R. L. 56*0be,vond „ 2,800 

TABIiE 2 C.f) 


1 1 

i 

j Cilia ina^tt from , 
j Biidga • , 

1 

1 i 

1 

Avf‘i*m>c 150(1 

• R. L, 

! 

1 

Iiiength ill feet 
along the sloping^ 
face of the scour- 1 
hole from B . h, 
in column 2 to 
bottom (with 2 
; 1 slope) 

Quantity" of 
stone required 
i.e.t column 3 

X thickneRs of 
knnehed 
apron (=3 feet) 
in cubic,feet 

Size of apron re- 
qiiired f.e., 

width X thieknesR 
allowing 10% 
for some stones 
being waahed 
away etc. in 
square feet 

: ] "1 

0 ! 

3 

4 

5 

j 0 to IMi 1 

6(»-0 

1 

35 1 

1 

105 

25x4-5 

! 1,000 til 2,800 ' 

70 

84 

252 

35x8 

llevond (.•luitmiffei 

1 2.800 

72 

i 35-^Sav3ti 

1 

lOS 

25x4*5 


The aprons, as shown in Table 2 C.6 when laid to the average bed level, 
the *oe cf the pitched embankment, should provide adequate protection to the 
guide bank. 


The top of the apron on the high ground will be at a level higher than R. L. 
72*0, whereas aioi^the curved head, it will be two feet lower and that np 
to ohamage 1,000 fee* will be still lower. It s^uld, however, be noted that the 
apron top should have a gradual slope along Re len^h eo as not to pt e eg at 
sudden diopa at the ^ointie of chat^^vet of levels. 
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DOOKLS ALTIVe SLUICE 

UnJess tine guide bank is given ti deugtted section tu vritbstaod about 
12 feet bead on one side only, it will be necc ssary to {wovide foi an adequate open- 
ing to fill in the compartment formed between the railway embaidctneat and 
the guide bank. 

The data for the design of sueh a two-way sluice are as follows : — 
n ) Area of eompartn-ent«=s496x in'* sq. ft. 

i'l) Average bed R. L.s3572*0 

(3) H. P. li. to wbinb it should be lilkd up=7y-4 

(4) Voloins of water to be 
impounded in tbe 

eonjpartmaut =490xltj^ X(79-4 — 73-0) 

=3'66x 10^ eft. 

(5) Average I'ke of water upftream of the suule bank 

=2'81 ft. per day 

(6) Average time in wbieb the compartoient shouki be filled 

=2*78 days. 

Working on -this data, the average dischai'ge the sluice baa to pass so 
that the water level in the compartment will be the same as that on the upstteoim 
side of the guide bank, will l>f 

S-()6xl0’ 

2-78>r24^b660 


=152 cusees 

The head available to pass this dis .barge varies tVom riero to 7‘4 feet 
(R. L 729 • 4 — 720). Hence working on an n v’erage head of ^ he., 3 • 7 feet and 

assuming that under drowned conditions and a flat sill, the eoofllci^t of dis- 
charge will be of the order of 2-0, the length of the opening required 
^ be 

182 

2X8- 7^® 

=10*67 ijg.. say 11 feet 

As the discharge to be passed through the 8]aic.e is small, a simple masonry 
wall 6 feet 6 feet deep with its top at the average bed B. L. am i^'tb its 
u^tream and downstream sides pitched with 3 feet thick stone pitching is 
e(zpected to serve the conditions. 

CONCLUnOE 

Under existing oonditions, the erouon is doe to the oumd flow and is 
aooentnatsd by the stone titohiim which prohabty was not designed as a 
pflmanspt naastoe. A guide bank, as su^sted in the Kbte, appears to bea 
promising measure. 
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(5JPR01ECTI0N0FTHELBFT BARK OP KATJURl RIPER AT KHAN- 
MGAR UPSTREAM OP THE KATJURI RAILWAY BRIDGE-0R1SSA(“) 

ABSTRACT 

During tlie 1846 floods, cbiefly owing to the sustained flood of about 12 lakhs 
cusecs above Raraj fiowii^ for five dasrS at or about a stage two feet below the 
maximum, tho attack at the right bank of the Ratjuri upstream of the Kuakhai 
head moved downstream causing concentration of flow which scoured the right 
bank at Razipatana, just downstream of the Ruakhai off-take ; the flow then 
was sharply e.^ficcted from the right bank at Razipatana to the left bank near 
the Burning Ghat downstream of Cuttack. Further downstream, the flow 
hugged the left bank, causir^ severe damage between the Burning Ghat and 
the Rhann^ar revetment and also along the revetment for a length of 2,500 tot. 
Extensive emei^ent protection work with sand bags, brush wood and tmnporary 
piles was done tp prevent the embankment breachii^. Permanent protective 
works appeared necessary before the 194? floods for which model tests were car- 
ried out. Describes results of experiments. 

THE MODEL 

ThcMo trtjf'ts w'lii'o canitHl out in tlio A : i vertically— exaggerated 

inodfl of the ilnhar.acli and its hranehes which was being successfully operated 
to study the vedistiilmtion C'f wu d and discharge between tho Mahanadi and 
Katjiiri atCiitti'C’k. Tho tmtry and exit conditions having been already proved, 
this model Wiis a, ready asset in the quick solution of +ho new pw.bletn. 

Ej'ix’.t'nvt'ids ; Tho following (pialitativo tests were chme to arrive at the 
host result? : — 

Experiment Nb. 1 ; with existing conditions. 

Expofiinont Iso. 2 : with 1,200 feet lorg spur near the Burning Ghat, 
pointing ■lo® upstream. 

Expcihiient Xo. 3 : with l,20u feet long spnr near the Burning Ghat, 
pointing 60® upstream. 

Experiment Xo. 4 : with 1 ,400 fe§t long spur near the Burning Ghat, point- 
ing 00' ujistream is., at right angles to the hank. 

E.vi«!i iuii!iit No. a : with 1 .400 tot long spnr near the^Buming Ghat, point- 
ing GO® iijistreani. 

In < a IliHril (list'hiirge of six cnsocs above Naraj'— 

which o\-l(h*iiily hinl ohmlilioiis at Kbaimagar, specially with a spur, 

LuruuiKt the to a spur increased with increased discharges, was 

niufin* thix^elioui-.s(hiriiig which liino observations of velocities, lines of flow 
u:nl regions of ncour and shoaling cUu were made. 


(10) Central Waterways Irrigation, aM Kavigation Besearoh Station, Poona, Annual Re- 
port, Technical, 1947, pages 4346. ■ • 
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Finally, the two most ])ro]U]\sing altcrnativiis wore tester! under flood 
cycles rising from six laldis cusecs to 15 and falling back to six lahhs 
cusecs (above Naraj), 


DISCUSSION OF RESULTS 

In preliminary tests, different lengths of spurs were tested at different sites* 
Spurs shorter than 1,200 feet at and upstream ivf tlie Knvniim Ghat did not 
appreciably shift the high velocity flow from tlio Kliannagur bank. Spurs 
sited further upstream tlian ^liown in Figure 2 C.O also ineflicientljecaufcje, 
after local deflection, tho flow u.<rain swung l>ack to the Icfl't bank at Khannagar. 
Shorter spui*s miglit f)rf)bably have worked fairly siit,isfiu*t<n‘ily. if located fur- 
ther downstream, but this was not practicable due to gi*(\at depth of water. 
The best position of a s])iir was found to be. near tliotein}>le iietweeji cross- 
section Xo. 7 and cross-section Xu. 8. 


VELOCITIES 

In Experiment Xo. 1 (existing coiiditioiis), the highest velocity was near 
the left bank, which gi’ailually fell off to a iiiiuiniiiui J]e,iM* right bank. 
The effect of putting in a spur was to reduce t]»o vehocilit^s at tin*, left b?iuk and 
increase those at the centre aud a little iiea-r tie-. j‘ight bank. 0])tiinuin jionnal 
distribution, — ?.e., high in tli(‘. inid (diannt*.! and low at the side.- - - w ts ol)tained 
with a 1,400 foot long s[)iir pointing (Ur upstreaih. TIk^ next host distribution 
was obtaiiK^d with a 1.200 fo(‘t long spur pointing Oil’ upstreu-ni. 

LINES OF FLOW 

The bed and surface lines of flow in Exj^eriments Xo. 1 to 5 observed with 
a flood discharge of tix hilcha cusecs above Naraj showed that, under existing 
conditions tlic surface flow coiiceutratcwl and dive*l nt^ar tlie Khannagar ba.iil\, 
the bed water bcinu d<», fleeted aAvay from the bank, ii;(!i«‘a.ting a bkoly teiidejicy. 
to undermine the l>ank. With a 45 spur, tho tlirow-olf ffl* t.Ir‘ higli velocity 
flow was not sufficient. Tin*. GO" s})ur gjiv<». a. ]>eH'*r throw-oiV t>f surface flow” 
aud tlio return flow dow*n4roam of the spur was also les.^ s'*\'crc. A OO"" 
spur deflected tho l)o<l flow below it awav from the It'.ffc bajik-- wJiieli was un- 
desirable for inducing silting and the surtac(‘ flow” throw' off w'as also less 
than w'ith the Gp° spur. The optimum results w'orf', thus, ob'tained w'itJithc 
60® spur. 

•Having observ”ed the lines of fluw^ and velocities, Experiments Xo. 3 
and 6 were repeated w'ith cycles ruing from six hlhs cusecs to 15 lalch^ cusecs 
and falling back to six luhhs cusecs above Xaraj to observe tlie flow conditions 
with higher flood discharges. Xn interesting eonmion feature of both these 
experiments w’as that the throw’ •oft’ clue to the spur increased w'ith increase<l 
discharge It was also observed tJuit with higbc.i* floods, though both 1,100 
feet and 1,200 fee^ long sjuirs work(3d Siitisfa,c|.ori]y as n‘gii,rds surface flow, 
yet the bed flow tended to approach the left bank below the spur much earlier 
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Tribh the 1,200 feet epui than \nth the 1 .400 feet long «pur->-a featnie vrhieh 
indicated that with the 1,200 feet long epnr the bed near the left bank would 
build up more quickly. The velocities near the right bank also increased 
causing a liHle scour of the extensive shoal near it. 

SCOUR AT THE NOSE OF THE SPUR ; DESIGN OF LtUNCHiNG APRON 

In order to get quick results the model spurs described above woi-e made of a 
wrofu^t iroE sheet having a slope of s 2^ to 1 at the nose. The sides were 
vertical. The maximum scour depth obtained at the nose with this spur went 
down to H. L. 14. Having done these quick tests, a proper spur, with s 
5 : 1 slope of the nose and representative side slopes, was constructed and the 
lowest scoured bed observed was only B. L. 28 (f.e., maximum depth =?= 62 feet' 

which is approximately^^ Lacey as shown below ; 

whaiB Q is the maximum discharge and /etthe Lacey sih fact'Or*=l'76 \Afi 
In this east' Q =4 -3xI0® cusecs ; 
and/ -^I'Tev'KUS 

= 1-86 , 

=0.4T3X 
=29 '47 feet 

.•.2Z> 

LaGey=58‘94 against observed depth in the scour pits62feet. 
With scour equivalent' to 2 D to be on the safe side, the maxunum 

Lacey 

depth in the scour |)tt will be about 39 feet. If, therefore, a launching apron 
29 feet wide x 4 feet thick is laid round the spur nose, it will launch at a natural 
angle of repose fornang a slope of about 2 : 1 down to the bottom of the scour 
pit. This apron provides an allowance of 25 per cent, for stone likely to be wash- 
ed away ; but some more stone was recommended to be kept in reserve for 
emergencies. 

The nose of the spur and the first 10 feet length of the shank should be 
entirely of stone, the latter with a view to provide a good junction of the nose 
with the shank. The shank also will have to he protected by an apron 15 feet 
wide and 4 feet thick, both on its downstream side as well as on the upstream 
side. 

The design of the spur is shown in Figure 2 (j.lO. The nose of the spur 
IS deigned to elope down at 1 in 3 for top I/3rd depth of flow, in order to pre- 
vent giilletiing ”, the remaining 2/3rds bottom portion sloping down at i in 




FigurclC.?:- Showing the proposed 1.200 feet long repelling spur in the Katjuri River 



Longitudinal section of the proposed r^eHing spur 

Figure 2C.I0:- Showing plan Jongitudinal section & cross sections of the proposed repelling spur in the Katjuri River at Cuttack 
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CONCLUSIONS 

The model does not give the rate and depth of accretion below the spur* 
It only gives an indication of the extent of accretion. This is because the bed 
changes in a model occur mostly on account of rolling bed sand ; but, in the 
river, it occurs more rapidly due to the enormous quantity of suspeuded load ; 
and hence the rate of accretion is very much slower in the model than in the 
river. 

During the time the bed near Khannagar is building up to suit new condi- 
tions a certain amount of diving flow — certainly less severe than under existing 
conditions- may be anticipated and taken care of : but this xvill disappear as 
soon as the bed gets built up. 

In the neighbou]‘hood of the spur due to the restricted waterway, the 
extensive shoal on the right bank will scour and also the right bank may erode ; 
but this hank erosion is considered by the local officers to be of little consequen- 
ce. 

To counteract sufficiently the present severe conditions anfl avert the 
impending danger to the left embankment, the Khannagar revetment and the 
village, the optimum length of the spur should he 1,200 feet. However, later 
when the deep channel has shifted to midstream at Khannagar, after analysing 
the post-spur conditions, it may be possible to reduce with advantage the length 
of the 1,200 feet spur now recoinmondcd, if necessary for reducing action along 
the right bank. * 


(8) TRAINING OF THE GANGA RIVER AT KANPUR(ii) 

Since 1900, the Municipal Board had been drawing water from the Ganga 
for the unfiltered water supply of Kanpur, situated on the south bank of the 
river. Up to 1912, the river course used tp hug the south bank ; but since then 
it'has been shifting northwards, necessitating the dredging of a channel to feed 
the pumps. During the last few years, the main current of the river has been 
floAving miles to the north of the Municipal Board’s Pump 1 louse. 

The unfavourable meander conditions of the river indicated that no p('r- 
manent remedy could be evolved. After the 1944 floods the river condition s 
appear to have been improved and, accordingly, the measmes suggested, 
without model experiments, consist of a pitched attracting ” island about 
1^ miles upstream in the river and a pitched curved bank at the Pump House 
provided with an adequate launching .apron. 

The island was suggested, because a paa-t island — called a when 
constructed in May 1947 by the Kanpur ^Municipal Board -had shown signs 
of improving the river cuivature ; and the pitched embankment followed from 
the analogy of th'^ Yamuna at Delhi where a similar design was shown by 
model teste to be effective in ‘^capturing'’ llie river mar Ihe Dcllii Gate 
Pumping Station. 

(11) Central Waterways, Irrigation and Navigation Research Station, Poona, Annual Report 
TeohnicaL id47. nase 46. 
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(7) KSmPRA ETVER AT WAIN— GWALIOR STATE(i2) 

ABSTRACT 

Describes ihe preUminary history of the problem and the method of 
working out the model scales. 

The city of Ujjain draws its water supply form an infiltration gallery 
situated in the bed of the adjoiniug Kshipra River. The infiltration gallery 
was constructed to a length of 200 feet in the years 1901-190.3, and duo 
to the increased demand of water, as a result of the to'pling of the town popula- 
tion, the length of the gallery was increased to 600 feet. The gallery is con- 
structed on rock foundations ; it is rectangular in section (4 feet X 7 feet) with an 
arched pucca to]). Dry stone masonry is built betw'cen side pillars spaced 
six feet apart to collect the filtrate from the' sides. In order to have an assured 
depth of water oyer the infiltration gallery, throughout the cold and hot seasons, 
a barrage was cotistrueted in 1931, half mile domistieam of the gallery. The 
barrage impounds 1 1 feet of water hy means of a double j'ow of six inelies high 
kumes, staunched on the upstream face with juud tt; prevent leakage, and lia.s 
only two scouring sluices at present. During the floods only the to]) three feet 
of Aw/v't'seanbe removed, thushavingaj)ermaneiit jrondingof 11 fotft of wa,ter 
over the barrage sill. This, however, created a serious problem of accretion of 
fine silt and clay oceurring u])stream of the Barrage on falling floods. To get 
sufiicient water, ponding is inevitable ; while,” beeiiase the infiltration head 
immediately after the floods, exceeds the critical heacl of infiltration tliti galloiy 
has often got clogged will fine silt. 

Further, the gallery being situated on the convex side at the apex of the 
meander, the river has been gradually receding away from it and eroding its 
concave right bank. This also called for protection of the right hank parti- 
cularly of the historical observatory known as ‘ .Tantav Mantar ’ ; which was 
done by ])aving Llic side .sloj«.*s with rcinfor(^ed concrete .slabs and ])itehing. 
To protect the right bank from scour and to push the enrrent o\'<a‘ the infiltra- 
tion gallery, a scries of .small spurs were proposed by the local officers. 

In consideration of all aspects of the case, the construction of a single, 
altraetnig spiu: bTo. 3 on the left bank opposite a point midway betw'oon spurs 
Nos. 7 and 8 on the right bank, Figui-e 2 0.11. It was, however, thought that this 
single spur may take a long time to act and may worsen conditions at ‘Jantar 
Mantar.’ So before the floods of 1944, repelling spiu-s No. 1 and 2 on the right 
hank as well as spur No. 3 on the left bank were constructed. This attracting 
spur No. 3 wa.s, however, not given sufficient time or a fair chance to come into 
action because after the first low floods of August 1944, it was cut down by a 
length of 150 feet from its nose, while after the peak floods it w'as further cut 
down to 230 feet. Later, spuns 4, 5, fi and 7 W('rc constructed. 

p®) (ifiitml WiitiTways, Trriliatidii .iiul N'livigalioii Itwari-li Stn^bc, Pwiw, Auuual 
Be^ortt Tedmicab 1947, pages 47.60. 
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- The Government of Gwalior State- are now planning to pump raw water 
direct ficom the river. The site of this pumping station is to be on the 
right bankand the reach AB of the river has, therefore, to be protected from 
erosion. This scheme may take some time to materialize, and in the interim 
period the injSltration gallery has to be kept clear £com getting do^ed with 
fine silt. 

With this twofold object in view, (a) of protecting the ri^t bank, and 
(6) of preventing fitne silt deposition on the infiltration gallery, a model of the 
Kshipra Eiver has been recently oonstnicted at thm Station. The model 
extends 3| miles upstream and I- mile downstream of the Barrage. - The model 
reach is shown in Figure 2 C. 10. 

HKDBAOUCSATA 

As in the majority of case^ the available* hydraulic data is very meagre. 

(«) Bed.sand— B^esentative samples of bed sand collected from the bed 
near the inffltration gallery and a quarter mile upstream of the barrage were 
analysed and gave m=3*8 mm. and 5*75 mm. respectively. 

(m) Bed md swfa^ slopes — ^The river bed slope, in the reach under investi* 
gation, is 1 in 2,500 (approx.) and the surface slope is 1 in 4,400. 

(iii) Ma/xm/um flood discharge— There are no records of velocity and dis- 
charge observations. The maximum flood velodfy, as estimated by eye by 
an officer, is reported to be 15 feet per sec., which appears much exaggerated, as 
will be se^ fi;om the discharge computation below. Similarly, the TnmrimnTn 
flood discharge is reported to be 2*98 lakhs cusecs— presumably based on the 
overestimated flood velodiy. This is a flashy type of river, and the floods rise 
and fall quickly. 


couputed estihates of flood discharge 

From Figure 2C. 10 it will be seen that the meander length of the river is 
about 9,860 feet which gives, 

- from the Station formula Jlf^g=30\/ Q,na-r 

Q ^ . ^9860\2 
max” V 30 / 

s=l*08 lahhs cusecs ; 

whereas the meander length based on dominant discharge is given by the 

formula = 40VO dom 

from which = 61,000 cusecs. 

TliftHA figures ate, however, based on only one meander length a'roilable 
MSim 
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and, 


tlisrefoie, need cotioboiation. 

! feom Lacey’s general flow formula 
maz 


7 = 16B*^ 


B=:15>05 feet and iS=l in 4,400 at the barrage section 


2/3 / . u V 

F=.16xl6-06 X(^j 
=5*95 feet per second. 

It bas been observed tiiat-the cross-section of tbe river 100 feet downstream 
of the railway bridge np to E. L. 1586-0 is quite stable and can be used for 
computing area of cross-section upto R.L. 1685 • 0 total area=3 • 47 x 10* square 
feet, 

Eor areas which are overflow portions a coefficient value of 0 - 1 is assumed 
in working out effective velocity, while a coefficient value of 0 ■ 75 is assumed for 
the others and Q ^naT — 1‘39 laTihs cusecs. 


Similarly, with area of section up to R. L. 1676-6, i.e., bankful stage, 

Q =0’70laJihscvi3eoa 
dom 

Q with the Mississippi formula : 
max. 

F=[ (3-0966 R^/S) —0-0388]* 


where 

^ total area 


wetted perimeter-l-surface width 


jS=slope per mile 

7= [ 3-0966(®-:^^^Xl-086 ]* - 0-0388* 
= 6-10 feet per second 


2-34x10* X5-10 
>2*19 hMs cusecs. 
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CHOICE OF MODEL SCALES 

'(») Choice oflen^ gcde—On considering the availaMe and suitable q>ace 
and di^barge it is proposed to adopt a length scale of 1/170 giving 

Q ssl'SO hMs cnsecs=4*81 cusecs in model, 

^max 

and Q 0*70 lakhs^i‘4:2 cusecs, in model 
(H) Choice of depth scale— 

(a) Applying Lacey’s formula vrith m ss0*5 mm. and m^as3'78 mm. 

Jr 

Vertical Exaggeration 

^( 1702 ) 1/8 ( 7 . 66 ) 1/8 

=5*64xl*40 


=7*76 

A d scale=sl/21 * 9 or say 1/22. 

(6) The vertical exaggeration was also worked out from the empirical 
formula (obtained &om models of the range of discharge and size of the Eship* 
ra model) : 


< 2 = 0 * 687 **'^ ; which is suitable for conditions, where the bed charge 
is only moderate, {e'in the case of the Esbipra which is relatively narrow 
and deep, indicating low charge of bed material The size of bed material was 
nearly the same as used in e^eiiments from which the station formula was 

obtained. 

**’p=900 feet and *p=16*44 feet for dominant discharge at the Eailway 
Bridge. 



w :=5’3 feet'andu =0*776 cus'/y 
m m 


0.71 

So <i=0*68 (0*776)=0*67 feet. 
. io Id = 9*6 

m m 



m 


THS! OSNTRAI. BQABS OF ISBIOATION'AKIinTAL BBFOBT 1948 


64*6 

or vertical exaggeration= 5 -^ =6'67 (as compared with vertical exaggera. 

y *0 

tion according to Lacey formiLla=7*76). 




A depth scale of ~ vas adopted as a first appicximatioD. 
oO 


(w) Slope scale ratio : Again applying Lacey’s formula, 


Slope Exaggeration=(m /m )®/* {Q [Q 

fn p p M 


=(0-60/3-78)«/« (170)i/» 


=0*186X6*66 


=1*027 


PROVING THE MODEL 

itt 

According to Lacey figures, vertical exa^era1aon = 7*76 and slope ex- 
aggeration=l-027 ; when the model was run for proving it, it was noted that 
it did not reproduce prototype conditions of flow correctly.tiU it was given a 
bed slope eza^eration of 2 * 0. Thus the model is tilted and has now vertical 
ezsggeEation=5 * 67 and bed slope exaggeration=2 ■ 0. 

• ' 

Apart from the opioions of experienced local officers (the Sanitary Engin- 
eei and the Executive Enfflneer) who have satisfied themselves that the model 
reproduction of existing conditions is in dose conformity with the prototype, 
there is factual evidence of the regions of attack and hi gh velocities and 
the fiow pattern being the same in the model as in the prototype. 



KIVBB COltTBOL 


643 


(8) UEASUBES FOB ABBESTIN6 BAtlE EBOSIOir KEAB BHADEU ANB 
BBAODA FlLLAOES QS AUBABOA BIVEB— BOMBAY^) 

ABSTBAOT 

Both the banks of the Anzanga Bivet neaiBhadeli and Bhagada villages, 
in Bnlsar Talnka, Sorat District, were heavily eicodted dne to combined action of . 
the tides and floods. Investigations revealed that extensive measmes for general 
training of the river would be prohibitive in cost and hence only local vrocfcs 
deidgned to protect the important properties along the banks mm posdble. 
With this view, seven groynes on the left bank and three groynes on the right 
bank were constructed by local officers from time to time till IMl. Thegroynes 
on the Bnlsar side were fairly successful in peeing the river to the left bank. 
The erosion, however, was moving downstream, as eromon generally does, and 
in doing this the natural swing of the river shifted to the opposite right Wk. 
To check the consequent erosion, three groynes on the Mt and two groynes <m the 
right bank downstream of the existing ones were proposed to be constructed ; 
viem on ihese proposals are expressed. 

(8) FBOTBCTIFE UEASDBES FOB SEVEBAL BAILWAT BBIDGES ON 
KADBAS-BOKBAT UNE OF UADBAfi AND SOIJTHEBN SEABATHA 
BAOiWAY, BETWEEN MILES 8S AND U3(i«) 

ABSTBAOT 

A number of Bridges between Pudi and Drampadn— miles 82 to 113 on 
the Madras-Bombay line of Madras and Sonihem Maratha Bailway, were severely 
damaged in the December fkx^ of 1946, r^arding which recommendations 
wetemade. The advice on poiniscommpn to the design of sevoalstractatM is 
given. 


estoUlTEs of u&xniinii flood discharges 

The data obtainable in respect of flood discharges was inadequate. The 
estimates furnished, as based on catchment areas by Byves’ and Burges’ 
empirical formulae, could not be taken as satisfactory as much depends on 
the correct assumptions of the widely-Yarying coefficients. For instance, 
Ehind’s analysis Jias sdiown that G in Kyves’ formula can vary from C=308 
to C/=2707{“). Figures obtained according to these formulae were significantly 
lower than those given by the Station formula duly corrected for shape of 
catchment. The Station formula is based on extensive data and checks up with 
several proven formulae— Eyves’ formxda with (7=2707, in certain cases. 


(U) Central Waterways, Irrigation and Navigarion Besearch Station, Poona, Annual Bepor^ 
Teomdoal, 1947, page 51. 

(^) Central Waterways, Imgation and Navigation Besearch Station, Poona, Annual Be> 
port. Technical 1947, pages 52-53. 

{ ®) Buckley 'irrigation Pocket Book,” Page 330, 
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9veB about tbe same figates as by this formula. The recommendations were, 
therefore, based on discharges computed by ille formula of normal floods 
as it does not appear necessary to provide waterway for the maximum— ever 
flood in view of the disadvantages following the formation of inerodible ^oals 
and islands since the maximum— ever flood occurs but rarely. 


BRIDGE WATERWAYS 

The waterways proposed for the bridges had been calculated on certam 
assumptions of velocity which were not altogether warrantable. 


The practice — pending the results of certain basic investigations in hand— 
is to design the bridge — waterway for the natural stable width of waterway 
(P*sO -y/Q) for the conditions obtaining on the river. 0 has a value o^ 
2*67 for Lacey conditions of “ mininuTm charge with a fully active bed ” and 
is modifled in li^t of experience for divergence feom regime — steep and shallow 
rivers indicating more bed load requiring wider waterways than flatter and 
deeper rivers. The recommendations were made accor^ngly. 

depth op pier FOiniDATlONS 

Most of the bridges have open foundations carried to depths, which bear 
no relation to the conditions obtrining at the bridges. 

The rational method of designing pier foundations— adopted in the 
Station tecommendation^is to estimate the maximum probable scour and to 
allow for sufficient ** gnp ” below the antii^ated scour level. 

Maximum probable scour round piers has been observed to be about 
2 R (Lacey) (“) and a minimum grip of B is regarded as necessary to insure 
safe^ofthe structure, where B=0-47[-J]^ and the Lacey factor / is 
(roughly) equal to 1 being the sand grade in mms. 

Bata ate still wanting to confirm the appEcability of the Lacey formulae 
to b^der rivers and for their modification in cases of divergence ftom the 
implicit Lacey conditions of normal charge. In the meantime the large factor 
of safety usually adopted is inevitable. 


Watavaya Ei^eriment Station, Po<ma, Annual Eqiort, Todmioal, 1M4, 
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HIGH LEVEL PAVEHENTS aUD P1TOHIE6 ROVED FIEBS 

At seveial biidges bed pavements have been provided. Experience and 
experiments have both shown that high level pavements and pitching are 
not only unnecessary when sufficient grip is provided but are also undesirable, 
because they result m excessive scour below the bridge and round the piers(^’). 

It was, therefore, suggested that hi^ level pavements and pitching should 
be avoided as far as possible, and if pitching is provided it should be laid at as 
low a level as constructionally feasible, being best placed at 85 per cent, of the 
maxhnum scour depth without piers(^). 

CUT-ABD EASE-WA1ESS 

It was pointed out that the square — ended cut-and ease-waters, proposed 
to be adopted in some of the new piers — would cause appreciable obstruction 
to flow and increased affiuz and turbulence. Eight-an^ed, curved -noses, 
being economical and easier to construct and not siguiflcantly less efficient 
than the design with * equilateral arcs of a circle were recommended where 
flow expected to be axdaJ ; and, where flow might'be skew, semi-circular cut- 
and ease-waters were suggested. 

PROVlSiaE OF ADEQUATE FREE-BOARD AHD LOCATIOE OF BORROW PITS 

A minimum free-board of two feet, above the maximum anticipated high 
flood level after making due allowance for accretion, was reeomm^ded to be 
invariably provided. 

All borrow pits on the downstream side, particularly in the case of high 
banks, and boirow pits within 200 feet of the embankments on tbg, upstream 
side, were sitggested to be avoided. Sufficient ridges were advised to be kept 
between the barrow pits on the upstream side to avoid parallel flow along 
the toe of the embankment. 

hi addition to these general observations, advice was given in particular 
cases. In some cases, river training measures were suggested without model 
experiments and in one case model experiment was recommended. One case 
is described below : — 

Brid^ No. 251 

The bridge being located immediately below an 8 curve, there was heavy 
attack on the left abutmmt and the end pier- 

To relieve this attack a repelling spur was su^ested. 

Indian Waterways Experim^at Station, Poona, Annual Report (Technical), 1939-40, 
pages 83-40 and 1941-42, page 12. 

(^) CJentrallnigation and Hydrodynamic Research Station, Poona, Annnal Report, Techni- 
salt 193940, page 38. 
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Besides amelioiating tlie conditions at tlie bridge tbe proposed spur was 
designed to straigbten tbe river upstream of it and in doing this it would 
cause a recession of the river away from the railway embankment in the embay- 
ment where it has approached dangerously close to the railway line. 

In addition to the spur the following measures were recommended ; 

(») Betam walls round the north abutment, 

{it) Adequate strengthening of the collapsed ri^t (South) guide bank 
and pitching with sufficient apron, in front as well as at the back ; 
the latter to afford protection agamst breaches from spills running 
parallel to the guide bank at its near slope. 

(w) Adequate waterway for the maximum discharge. 

To avoid the inherent defects of the present structure, viz., hi^ pave- 
ment, uncertain ffiallow open foundations, inadequate waterway, unsatisfac- 
tory location below an 8 curve, the lack of suitable cut-and ease-waters etc., 
and to overcome the doubts which must remain when a bridge is repaired at 
the same dte where a pier has twice given serious trouble, it was proposed 
that the bridge should be relocated in tbe straight portion of the river. 


(10) TBAINIK6 OF THE TAFTI BIVEB AT SUBAT (BOUBAT) (») 

ABSTRACT 

The detailed history the case is given in the 1944 AnnualBeport (Tech.) 
of the Station^"). At Surat, the river Tapti takes a nearly right-angled tom and 
the ourrature is too sudden and acute for the river to follow-— especially in high 
floods. In the floods of 1937, the left ahutment of the Hope bridge at Surat 
and the approach road to Bander were severely damaged. 

Subsequently, in uder to improve flow ccmditions and to accelerate erosion 
of the Oentral Xdand just tqistream of the Hope bridge tiie Superintending En- 
gineer, Sfmthwn Circle recommended Uoi^ing of the spill on the right 

hank behind the bridge abutment and raising of the loose stone floor in the 1^ 
bank spans where it was deeper than the average bed leveL 


13idse proposals xequiied to be contained for the teasmis that the block- 
ing of the spill chaand would cause mote afflux and raising the bed the left 
bank spans wonid distort the natural ffiape of the bed flow pattern at the 
cnrve and would thus permanmitly worsen cmiditions, which were already bad. 

n (’f) WatMMfbys, Irrigatiw and Navigation Beseaioh Station; Fo<»ia, Axumal Report 

reohwo*], 1947, pages 54-60. . 

47-W**^ Waterways Experiioent Station, Poona, Annual Eqpart, Toohnioal, 1944, pages 
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Inspite ot tbis caution, howoror, costly embankment yt^ cwistrocted 
across the sbiU channel in 1939. Accoeding to Superintending Engmw, 
Northern Circle’s ord^, the top ot tiie pitching round the bri^ P»w ol tne 
whole bridge was also maintatned at flie unitcMcm level (R. L. 66 .0) and the nvw 

bed in-between piers was pitched to B. L. ^*0. 

These measures were, as anticipated, to trom snccesrfnl in preventing 
Sftnutg ft in the snbseguent floods. In 1944 it was lecwnmended that^the spill 
channel near the risdit bank <rf the bridge diouldJie reopened by building three 
or four spans each dl 100 feet, the to® oS pitching round ptos should be 

lowered or allowed to scour naturally bom B. L. 65 . 0 to B. Ii. 53 * 0. 

Tlw spin fliiftiiTiri has had to be ultimately reopmied by removing tin em- 
bankment and tiie^actice of making good the pitchhig steme vrithaviewto 
maintt^in the bed level uniformly at B. L. 65 has also been discontinued. Ifliis 
has eased conditions a bit ; but miue zelid from flood damage cons^uent 
upon these measures owing to reduction (d afflux will be apparent <mly injthe 
next high floods. (Since this has been done, there have been no high floods 
in the Tapti). 

Model erperiments vvere consideied asi. essential to evolve the optimum 
protective measures for arresting the .bank erosion from Ba n der Town to 
Hope bridge (m the ri^t bank and tto severe attack on the Town Wafls 
below the Hope bridge on the Iritt bank. 

Two other points have also to be investigated on the modds : — 

(1) At Bhatpur, in the bight on the right bank below Surat, a strip ot land, 
about8farlongswide,lia8be6neroded— inalengtiiofsbont 1/2 mfle. BEeasures 
to prevent farther erosion of ttese fertite and valuable lands are required. 

(2) A new steam power station is proposed to be constructed at Umra n^ 
Surat. Tlw Etectrical Commissioiier, Ctovemnmnt of Bombay, sought advto 

regarding the correct location <d the Ilunp House to the Bovrer Station to avoid 

trouhle due to erosion or sanding in future. 

BIVER MODEL 

The model extends from Kathor bridge down to sea end, a length of 
about 24 miles. It is laid in 0’4 nuns. Them sand,'to a horizo^al scale 
of 1/330 and vertical scale of 1/72 Kgme 2 0.12. To obtain satiisfaet-oiybed 
movement and reproduce, flow conditions exactly as on the {aotoi 5 ’pe,a 
tilted model with Vertical ezaggeiation=4*58 and Slope exaggeration about 2*5 
has been adopted, after preliminary trial runs. 

The river being of the incised type, with meander imposed and mamtained 
by the local hanJear and hard clay formations, it was found that to simulate 
gauges the discharge scales required is ■tdy'd=20,200. The bed width to depth- ‘ 
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ratio is small for tie dischargej indicating little sand charge moving on ted. 
This also justified the adoption of discharge scale=Z^\/^* 

Time scale based on the assumption that tractive force in the model is 
equivalent to that in the river worked out to 1/1118, 

Flow lines near Hope bridge at low stages of the river — at water level 
80-00 (when the island' above Hope bridge was just wholly submerged) 
and at water level 70-26 (when it was partially exposed) — ^were visually ob- 
served in the river. 

In the model, after stabilisation, the flow lines were observed at water 
level equivalent to R. L. 80-00 ; but at water level 70-26 the depth of water 
was so low and flow so little that observations could not be done. 

In comparing flow lines in the river with those in the model, it is to be re- 
membered that ; 

(1) observations in the river could only be made from the bridge and 
near the sides and, in between these sections, the flow lines have 
been drawn in by judgmelit , and 

(2) in the narrow section below the bridge the river is so deep that the 

vertical exaggeration model would require side slopes steeper 
than the natural angle of repose of the bed material; and with 
natural side slopes a relatively wider section is obtained at the 
bottom in the model. The concentration of flow occurring along 
the left bank in the river is, consequently, not reproduced to the 
same extent in the model. This is one of the model limitations 
which has to be given due consideration while interpretiag results 
obtained with training measures. 

^ "When due allowance is naade for these factors, it will be apparent that there 

18 close conformity of flow lines in the model and prototype. 

Flow lines starting from Bander and down to Bhatpur end, and velocities 
at typical sections, with the dominant discharge of 2-48 cusecs= 6 lahh 
oosecs, wwe also observed. 

The high velocity -flow closely hugs the bank throughout the Bander 
bend and the Bhatpur bi^t. This is evidently the root cause of the bank ero- 
sion at Bander and Bhal^ur. 

It was also seen in the model that, below Hope bridge, the flow squarely 
attacks the left bank between Mahlii Khadi and Nanpura Post OflB.ce and 
undermines the buildings abutting against the bank due to diving flow* 
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At the proposed location of the Pump House near Umra, on the lejft bank 
about 2J milea downstream of Surat, under existing conditions the model indi- 
cated that a perennial deep water channel would not be ensured, the location 
being not sufficiently upstream of the transition of the main current from the lef* 
to the right bank. 

Exploratory tests were carried out to devise suitable training works to solve 
the problems mentioned above. All these problems being inter-linked, in th® 
sense that the consequences of one will be felt by the next, it is decided that th® 
desired results should be obtained by a combination of a TYiiniTnnm number o ' 
mutually beneficial traming works. Measures suggested by these exploratory 
tests for more detailed examination on the model were : — 

(1) a repelling groyne on the right bank near Eander ; 

(2) a similar groyne on the left bank or a pitched island in mid-river 
somewhere between Makhi Kbadi, and District Judge’s bungalow ; 
the same measure will, if possible, be made to peg the deep water 
channel at the proposed site of Pumping Station ; and 

(3) a pitched island or other training works for protecting Bhatpur 
bank. 


Alternative traming works e.g., a pitched islaiid upstream of the bridge 
did not hold out the same degree of promise. 


(11) MUSAPBn! ASHCfOT 8ISEEU (°) 

ABSIRACT 

Two seasonal lireiS} Ehpeta Tagoo and Folhampalli Vagooj meet ahont 
five mOes from Uahlmlniagar, a Disiriot Headanarters in the State dtoated on the 
H^tad^aloreRoad. As is the case with the majority of 
rivers in the Deccan, these riven Sow only dozing the monsoon sca upp .iiii a 
heevydovtt®oor dnrfag this season caoseshi^ Seeds in the riven. XEbSDznni^ 
they axe entity dry. 

* 

As oxcavatiohs at the site of the anient of Kftpeta Vagoo have dbclosed fliat 

proper foondatknis are not avaSahle even at a depth 25 feet bdow bed level. 


{”) Hydeta1)ad Eogineeiiog BMeanh Laboiatcaiest Ahwiib .) 1,47^ pages 16 -^ 17 . 
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fhe constraetum of a new weir woold vwy expensive. If some river training 
works were to lie put on after modd experiments so that less sand is drawn 
fh)ods into the Polkampalli Vagoo, more sand vrill be deposited in the 
bed di the Ebpeta Vagoo diitii« the subsiding floods of each monsoon. Thus 
after two or three monsoons the bed level in Eapeta Vagoo will become higher 
tbs '" d Polkampalli Vagoo thus allovrii^ mote water to be drawn into the 
Folfcanmalli Vagoo without having to constmct a costly weir. 

Model -Essperments . : 

A pilot modd of the rivers was laid in the sand tray inside the Laboratory 
to' the following scales. 


1 

Horizontal 

240 

1 

Verttcalss; 

36 

Slope exaggeration «= 3 ' 33 

As the rides and the bed were moulded of locally available sand screened to 
the required grade it was found that the model got eroded badly even when it 
was nm at h^ th&maxhnnm flood level, thus indicating that the slope exag- 
geration was too much. The slope exaggeration was then reduced to 1 * 67 and 
the model was run to half the tnaximum flood level and it was found that the 
rides withstood erosion. The model was thni run at this level for various runs 
and the movemmit of bed silt studied. As there were no results of previous 
surveys available the model could not be proved iu the strict sense by studying 
the increase and decrease inbed level of each river after each run and comparing 
it with the prototype. But it was found that after each run the bed of the 
Polkampalli Vagoo progressively rilted up and the bed of the Eapeta Vagoo 
eroded, and when a sli^t amount of fine sand was fed into both the rivers there 
was greatffl movement of sand into the Polkampalli Vagoo than into the Hapeta 
Vagoo. Thus it was taken that to a very large extent tiie model fulfils the con- 
ditions existing in the prototype. 

In Older to get an indication of the methods to he tried to encourage the 
sfiting up of the Eapeta Vagoo and discourage the transfer of-bed sand into the 
Polkampalli Vagoo the. following devices were tried. 
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(t) It was felt that iJiekcge island, maiiked Ain the plan I^iguxeSC. 13 with 
its sht^ pointed nose upstream was probably reappusible for more bed-load 
being drawn into the Eapeta Yagoo. Hence vaiioas trial rona were on 



Figure 2 0. 13 : Survey plan of Musapet Headtporka 

the pibt model by progressively cutting off the upstream portion of the islmid 
in the model WM each condition the model was fed by screened sand and it 
was found that with each progressiYe shortening of the idand firom the 
upstream side, more sand was drawn into the Hapeta Yagoo and less into the 
Polkampalli Yagoo. It was noticed at the same time that there was erosion 
just downstream of the nose (marked B in the plan). There was progressiTe 
deposition towards the left bank of Eapeta Yagoo. 

% 

(ii) As it was felt that the nose marked B may be rei^nsible for the non- 
uniform distribution of sand in the bed of the Eapeta Yagoo, this was also pro- 
gressively cut off and the model run. It was found that this mqiroved the 
deposition of sand on the bed of the Kapets Yagoo, and also reduced to a a %ht 
extent theanfiow of sand into the Polkampalli Yagoo. 

{iH) Next the effect of completely removing the small idand (marked 0 in 
the plan) was tried. This resulted in a more ui^orm settlement of sand in the 
bed of the Elapeta Yagoo but had no noticeable effect in the inflow of sand into 
Polkampalli Yagoo. 

(w) Next the effect of providing spurs projecting from the left bank of the 
Eapeta Yagoo was tried. It was found that while these helpedinthedqtosition 
of the sand near the bank, the sand in the centre of the river was eroded. 




662 


TEB bOABD of IBBIOAOXON ABBtTAIi BBf OBX 1948 


The above experiments were only of an e:q>loratory nature because of the 
scale of the model. On the basis of these preliminary observations a large 
apjtlA model will be laid ont and the various devices tried. This model will be 
laid out with inerodible banks and sand bed so that the model could be run npto 
hi^ flood leveL 


DISCUSSION B7 THE BESEABCH COMMISmEiE 

. Introducing items (1) and (2) Mb. S. N. Oufta said that the Qanga river 
at Hardwar, h^ been getting unmanageable for the last few years. Below 
Hayapur, it took a tom towards its left bank leaving a spill towards Eankhal 
which threatmed the very existmce of Kankhal town. 

Again, at Bhimgoda wdr, the undersluices on the right were takmg 53 
percent, of the disch^ge whereas the mam weir was taking only 47 per cent, of a 
total flood discharge of 150,000 cnsecs. This happened because the bays of the 
wmr on the left were blocWandthe supplies were diverted to the ri^ to 
feed the New Supply Channel. This result^ in excessive velocities at the undei- 
sluices which in turn created retrogresrion downstream. 

Model investigations were taken up to find remedial measures. The 
river bed consisting of boulder, shingle and sand, presented many difficulties 
in the proper selection of scales. 

S^ht miles ot the Qanga river viz., miles upstream of Bhimgoda weir 
and 4^ miles downstream of it had been r^roduced in a verlioally exaggerated 
model to scales 1/120 horizontal, and 1/40 vcrtioaL The bed was laid with a 
mixture conastmg of 25 per cent, of sand 25 pec cent, of ^ inch cmd 50 per cent, of 
|inohto 1 huii shmi^e. Theser^roducedtherequicedprototypeconffitions with 
a disdbaige scale of 1/22,000. 

A 960 feet long boulder spur built at an an^e of 1 20 degrees &om chainaga 
1,400 of tiie existing Kaukhal bund bad sncces^olly div^ted the Qanga along 
its natural course towards the left ; as a result the spill channel bdow it started 
shoaling up. ^ ^ 

4 

The blodced ecest of the Bhimgoda weir was lowered in Bays Nos. 3, 4, 6 
and 6 and this ensured an equitable distribution of supplies 67 percent, 
over the weir and 33 percent, through the undershuces. It was hoped that 
this distribution would relieve Ike underrinices of the excessive strain which 
intnm,wonldreduee retrogiessioa downstream without affecting the regime of 
the river upstream. 

Db. N K. Boss in intaodncing item (3) said that these investigations 
were in continuati o n of the work done last year. He had to add to 

what was given in the rqport. 
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laizodncbg ftem (4) Mb. 8. T. Ohotanxab said that as a resnlt of niodel 
M^eriments a 1,270 feet pitched guide buiknonaaltothebiidgeandidnedio 
the railway embankmeat by a 1,000 feet radios carve ^ve satisEactory conditions 
of flow at the bridge. Total length of guide bank inbinding carved-head 
was S,270 feet. 

As t^;ards hem (6) hfo. S. T. Ghot.a]ikab observed that eqieriments wsM 
carried out in the 1/400 : 1/66 vertacally-exa^erated Mahanadi model. 
Tarions lengths and positions of the spur were testbd and a 1,200 feet long 
q»ur pointing 60° upstream of the Burning Ghat— almost the same as suggested 
at site— was found to give optimnm results. 

lUo Bisadtxb D. Y. JoaLEEAB introduced items (6) to (10) and gave a 
brief account of each. Begarding hern (9), he stated that a number of bridges 
between Fudi and Urampadu on the Madras — Bombay Hne of M. wad S. M. 
Bailway were severely damaged in December floods of 1946. Advice of the 
l^rector was soi^t on the remodelling to be done. His recommendations 
on points common to tiie design of several structures include : 

(1) In absence of observed flood discharge data and in view of 
onxeJiability of the empirical formulae Him Byves’, wherem much d^mded 
on the correct assumption of the ico^fficdent, station recommendations were 
based on discharges computed by the proven Station formula of nmmalfloods 

(2) For the necessary bridge widths, natural stable widths of the water 
way for the conditions obtaining on the particniar rivers were estimated. 

(3) Most of the bridges had open foundations carried to d^hs which has 
little relation to the conditions obtaining at the bridge. Maximum scour round 
piers in the Station proposals was estimated at 2R, where JBs=0*47 (Q/f)*’^ ; 
and a further grip of B below this anridpated scour was suggested. 

(4) High level pavements and pitching were sn^^ested to he avoided. 

(5) All piers to be newly construoted were recommended to be built with 
right-an^ed curved noses, being economical and easier to construct and not 
significantly less efSdent than the dedgn with ' equilateral arcs of a drele, 
where flow was expected to be adal ; and where flow mi^t be skew, 
semi-drcolat cut-and ease-waters were suggested. 

(6) A minimum free board of two feet above the maximnm anticipated 
H. F. L. was recommended. 

(7) AS borrow pits on the downstream side, mid within 200 feet of the 
Air>>M>n^ent on ^ upstream side were, suggested to be avoided. 

In addition to these general observations, qiedfic advice was j^ven in 
paiticular cases. In some cases, river training measures were suggested without 
modti ny pftTiTififtnta ; and in one case model e:qieriment8 were recommended. 
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B A fwrring to item (10), Rao Bah^dgb D. T. Joolbkab drew attenticm to 
the iBfcoiy of the daanage caused by the Tapti river in the vicinify of Surat 
fff n^ 1937 and the remedial measures tried with little success, as given in the 
Report. 

The Station was ulrimately approached for advice regarding tibe 
appropriate measures for anesting the bank erosion at Randw and Bhatpur, the 
tioi^Armiwing oi foundations of buildings on the Surat bank below the Hope 
brid gft a nd the siritahility of the rite proposed for the Pomp House of Ike 
proposed thermal electric Bower Station. 


A. river model of the reach from Eatbor to the sea was constructed at the 
Foona Station to evolve and test the 'necessary measures. There was 
satisfiEictory bed 'movement in the model and flow lines observed in the river, 
whoi compared with those in the model, riiowed dose conformity between the 
model and p»toiype. 


Ike modd indicated that the bank erorion at Rander and Bhatpur was 
due to high vdodty fbw homing the bank ; while undermining on Surat bank 
below the bridge was due mainly to a direct attack by the noain flow diving at 
the hank. The proposed location of the Pump House near Umra was found 
to be in the tranrition reach where the main flow crosses over from the left to 


Exploratory tests indicated the followmg tentative training works ; — 

(1) A rq^eJling groyne at Rander. 

(2) A rimilar groyne or island in mid-river somewhere between Makhi, 
Ehadi and t^ District Judge’s Bungalow, bdow the Hope bridge. 

(B) A pitched island or other trmning works for protecting Bhalpur 
hank. 

Detafldd esperiments were in prepress. 

As there was no r^resentation foom Hyderabad present at the meeting, 
item (11) WHS takmi as introduced. 

In the disonssions that followed, Mb. Eormnanr said that there seemed 
to be some disocepaac^- in the flood levels noted in item (1) and (2). “ May 
be, it was a pzinta’s error ” 

He further pointed out that the model combined a rigid weir and a mobile 
river bed. A distorted scale had been adopted. He enquired whether any 
fecial precaution had beeu taken in i^roduciag the afflux at the weir. Also, 
what were the arrangements or devices made in the model for measuring the 
dMtaigeB through the difEerent ba^ separately. 
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GtovmsA. Bao refeiring to item (4) said that the guide bank to pzeveat 
eiwion at the apstreanx end of the pitched bank as proposed now was to be 4,600 
&et of the total length. This gave a bell month conditions of entry to the bridge 
tax the right bank and made the condition of entry unsymmetrical and 
mm-unifoim. Doe to the presence of a convex cnive at the left bank and the 
pitching efEect of the proposed rij^t bank, the flow had natorafly to get attracted 
towards the right bank. It hsui also been stated that a de^ fthawnd wa.<{ 
formed aloi^ the toe of the embankment and daring low floods there was scour 
along the toeofthegaidebank. . 

Mh. OovmDA Bao observed that there seemed to be a small island being 
formed on the left bank just beyond the nose of the spur. If this was pitched 
and if necessary, its nose properly oriented, he hoped, it might help to attract 
the flow into the middle of the river daring periods of low floods. 

He opined that the solution of the problems was closely interrelated with 
the problem of re-distribaSioi of sand bad between the Mahanadi and Elat^ari 
Systems. It was worthwhile considering whether the spur suggested would 
still be necessary to protect the Khannagar bank in view of the E^atjori 
anbankment developing a channel along the Cuttack bank. Regarding the 
experiments, after the accumulation of. silt behind the 1 ,200 long spur, and after 
the Eatjuri has assumed its r^;ime, one wonld like to know what would be the 
dstribution of sand load between tbe Eatjuri and the Euakhai. What would 
be the effect of silting up behind the spur on the railway embankment proposed 
on tbe right bank of the Euakhai bridge ? Would this encourage furthra 
acctunulation of sand at the convex bund between cross'sections 2 and 3 marked ? 

By having a ^nr, tite waterway got reduced and it was quite possible that 
more and more of the flow will get diverted towards the right bank. This 
might increase the discharge at Surua, and might cause spill or scour at 
Surua. 

• 

Another point that was worth noticing, was that there was a shoal 
formation at the nose near Ehasipatna just where the river bifurcates into 
Eatjuri apd Euakhai. The conditions of flcK^ discharges and Hues of flow 
pramotmg the growth of shoal and the consequence of its presence on further 
oosion might be worth investigating. 

Bearding e^riments done by the Poona Station on the protection of 
r%ht bank of Eui^bai river above the B. N. Railway bridge Mb. Ghotajsxeax 
remarked that the question was a peculiar one. If one started setting right 
a trouble at one place, the other side was affected. The station report explained 
the remedies proposed. Apart Srom the cost involved in the propel due to 
unrymmetrical entrance there were other complexities. There should be 
greats compensation of flow. If a pitched island was formed in the fniddle, 
say between cross-sectiomi 2 mid 3 it might help to attract flow into the middla 
of the river during low floods. Bat it would cause danger on the canoa ve aide. 

MSIOBI 
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He admitted iiat iu item 5 the solution was closely inter-related with t he 
TO-dktribution of the sand load between the Mahanadi and the Katjuri. 

Mb. R. R. Hanua said that regarding the Katjuri spur the work had since 
been completed. There was 14 feet deplh of water on the top of the apron 
■when he left Cuttack for Simla. The river was still attacking opposite 
TTbamtiftgftr . There was a amall idand between the railway bridge and the 
spur (wKch was not shown in the report) in which he had ordered a cut to be 
made. The two works were independent. It was too early yet to say whether 
the work was successful or not. 

Regarding the experiments at Poona, Mr. Khanoab liked to know 
about the effectiveuess of the pitched islands and attracting spurs. In the 
Punjab pitched islands had not been successful. The pitched island upstream 
of S^eimanki weir had been a complete failure. He wanted to know what had 
been the experience elsewhere. 

He fiirther asked as to what had been the experience of the Poona Institute 
regarding the resuscitation of dead rivers. The problem in Bihar was mainly 
one of resuscitation of dead and dying rivers. Most of the irrigation channel 
got choaked up and started dying off. , If spurs were put in, they were likely to 
develop the trouble still more. Could the Poona station suggest some ways 
and means t 

Mb. M. P. Mathbani said that in connection with the model for the Mor 
river he would like to give a note of warning. The rivers of Bengal weye of a 
special nature. The average discharges of these rivers differed very much from 
the ordinary discharges. Another thing prevalent in these rivers was the vary- 
ing hydraulic conditions. Supposing there were no changes normally, the 
chants would appear after the construction of the dams. In all these rivers 
one bad to consider the question of accretion on the upstream side. But from 
his experience that had been gained in Sind, the accretion problem on the 
upstream ride was a problem which started creating conriderable trouble. He 
thou^t that in the rivers of Bengal this problem was almost the same. For the 
construction of barrages of dams in these rivers, the hydraulic conditions of the 
rivers should be home in mind. 

Bao Bahadub D. V. JooLSKAB referred to item (1) and said that the 
Kankbal q)ur as proposed would attract the flow of the main channel and would 
be subject to a very severe, attack on the whole of its upstream face in course 
of time. 

What was really required in this case was a repelling spur facing upstream. 

The dope of the nose proposed was 1 in 5. The Station experience with 
awh &t dopes was that gulleting occurred t.c., stone pitching was washed away 
due to local hi^ velociries to alwut l/3id the depth from water sur&ce and in 
soeh cases it was better to give 1 in 3 dope up to this point and then have a 
flat nose of 1 in 5 lower down. 
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Eegardii^ item (2) ve^cArkefl that for equalizing flow, the crest of left 
bank ^ans ware lowered to ir.cie<. se the discharge intensity and experiments 
showed that the discharge was equally distributed for Q=163,000 cusecs. 
Actually the maximum discharge was stated to be 670,000 cusecs. Surely 
the conditions would materially alter with this discharge and it appeared *J- 
most certain that the high intensity wr uld persist along the ri^t bank in 
spite of the Ic wering of the sills in the left bank spans. One could never equahze 
the flow in this way unless the curvature of flow was suitably altered upsJrcari . 
This was made clear in the case of the Tapti River f t Hope Bridge in which 
an attempt wed made to equalize the flow by raising the deep portion of the 
river near the left bank qians with stone pitching. Ihis completely failed and 
conditions were msde worse. 

With regard to Mor Barrage Experiments Rao Bahadur D.V. JofiLEEAB 
had the following comments to make — The crest level of the undersluices 
=R. L. 192 and that efthe HeadRegulator=R. L. 199. "Why was it necessary 
to have the sill of the Head Regulator so high i It was a misguided beliex^e 
that when the sills were hi^ bed sand would be excluded. The main factor 
that controlled sand was the coizect enrvature of flow, if the curvature was 
wrong sand was drawn into the canal in spite of the siU of the regulator being 
h^h- This had been proved so many times in aU their model experiments and 
in prototype. 

Similarly the ^urs which were stated to have worked statisfactoiily in the 
model were short spurs and would peg the flow on the Ri^t Bank on which 
they would be constructed. The ^ort spurs proposed in this case were too 
near the barrage and mi^t create turbulence which would adversely affect 
&e. Bight Bank Canal. 

With the proposed barrage site at oross-section 2-A it appeared extremely 
doubtfol whether satisfactory conditions for Left Bank Canal ever be 
obtained. On cross section ^A, a central pitched island which had given ex- 
tremely satisfactory results in' the case of the Lowmr Sind Double Barrage 
model at Eotii mi^t be tested. This might ensure ftyoaxable curvature of 
Sow on both banka 

Mr. B. B. Banda said that he took over charge in Orissa at a very late 
stage. At that time it was too early to change the design of the spur because 
this would have needed perfoimanoe of experiments. This could be risked 
because delay would have been risky for Cuttack. 

He found that the stone fbr the pitching of the Eatjuri spur had to be 
ttxried over a longdistance (12 nnles). This was being carried ftm an ancient 
momimmit. The Arehaeologicai Department objected to it but they managed 
to evade that Department, in interest of completing the work. A^ however, 
there was difficulty in getting the niecesssry quantity of stone, the t^cl^ess of 
the side slope pitebmg had to he reduced ftom four feet to two feet. 
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If instead of this solid stone nose spur a " T ” headed spur was constructed 
it would have cost less. At SuleimanM headwtfrks, now in the West Punjab, he 
had constructed solid stone nose spues as well as “ T ” headed spurs and he had 
found the latter far more economical than the former. 

Db. N. K. Boss remarked that repelling spurs would be dangerous 
in an alluvial country as one did not know how far the repidsion would aet. 
He added that neat Blannagar, the levd, of the country was very undulatujg 
as was peculiar to Bihar and Orissa. If a channel was dug somewhere the river 
tniglit change its course and go off several miles. He wished the model had 
been run for a longer duration. The sand samples too were curious. They 
sepmod to vair at every quartet of mile. 


Mb. S. T. GHOTAmsAB speaking on Mor Barrage model said that it had 
been stated “ If sand is used in the model as the silt entering the canals for, 
purposes of model study, consistent results are not obtained in a mobilo bed. 
river modeb ” The experiments reported herein appeared to have been done 
on an eiodible model so he would like to.know whether these results lay on the 
confflstent side or the inconsistent side. The difficulty about sand entering the 
canals at the time of initially letting in the discharge could very easily be 
avoided by letting in discharge from the downstream end and gradually pend- 
ing and soaking the model bed. 

Secondly, it was^stated in the report “ The river model was ffist built on a 
horizontal scale 1/200 and vertical 1/80. These scales were chosen because 
they were found to work weU in the case of the river model of the Damodar. ” 
In this case the discharge of the Damodar had been stated to be 6*26 IcMt 
ousecs whereas that of the Mor Barrage was two lakh$ cusecs. E this was th«> 
case how could the same scales be adopted for both the river models I '' 

Mb. C. V. GonB remarked that the approach to the selection of the suitAblg! 
site for the Mor Barrage left much to be desired. Firstly no iamtion was 
made of experiments without a barrage to indicate flow under e-riafcipg condie 
tions. Merely deciding ihe position of the barrage on oonadeiation of the extent 
of surface return flow was not enou^. 

Mb. S. N. Gtjfta said in reply to Mr. Euttiammu that they had taken 
guffioient precautions in their model work. They tried to mair>fai.i‘p proper 
gauges at different parts of the model by injecting sand and dungle on the' 
upstream side of the weir. As tp di charges they observed velocities in the' 
modd by pilot tube and in the prototype by surface floats and found that the 
discharges were vaiyii^ only by flve to ten per cent. 
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Begazding Bao Babadur Joglekai’s ^estion he admitted that a slope 
of 1 to 5 was in view for the nose. His fisher suggestions in this connection 
were- welcome. The edoices at Bhimgoda were de signed for 150,000 cusmb wd 
the lowering of the crest in the left portion of the weir allowed better distribution 
of flow across the weir. The maximn'm discharge occurred for a p^od of 1|' 
nxmths during the monsoon. The authorities were main j aficaid that the 
whde riTer mi^t not go to the left bank and this mi^t not deprive the New 
Supfdj Channel of its d^hargei Thus they Were left with no other course for 
^m tor traming &e riven . . . ' 

& 

Bao BaHADTm D.Y. Jogibeas replying to Mr. Oovinda Bao said that 
these two proposals were independent of each other. The flowinto the Eualhai 
was from left bank at the head to the rif^t bank at the bridge and it was im- 
possible to train the river in this short' reach and hence one had to accept the 
situation of a hi^ velocity flow along the ri^t bank and must provide for 
snffioient apron protection^^s already recommended. 

As regards the Ehannsgar spur on the left bahk of the 'Eatjurl, the main 
purpose was to protect the Cnttacktown which is atuated on that bank. There 
was nothing very important on the right bank and hence it did not matter if 
the- right bank was scoured away. The railway bridge was- also so wide 'that 
4t could easily -ttdre additional discharge along the ri^t bank. The Stmia 
river was so far downstream that it would not be affected by the qmr.' 

Bao Bahadur D. V. Joglekab replying to Bai Bahadur S. D. Ehan^ar 
said that it was the first time that he heard of the islands not being sdccessfnl 
in the Fonjab and in the particular the Suleimanki Island. The Punjab Re- 
search Institute had been advocating during the.jast three or four years that 
islands should be used wherever possible and their model experiments had also 
'^own islands to.be very effective. On the other hand his Station had always 
stated that the results obtained by the Punjab were not correct and that islands 
should not have been recommended in those cases. As a matter of fact the 
Station held the vnew that islands or ^urs could be found suitable in individual 
eases according to the conditions obtainable and they could not lay down any 
' umversal rule about their efficacy. So far the Station had not recoirimended 
■ any idand except at Kanpui,*Where they thou^t it would be useful. An 
example of an attracting spur could be seen in the case of spur No. 6 on the 
.Yamuna at Delhi downstream of the Railway Bridge. It had pegged the river 
■permanently at its nose. . 

Fortunately the nose .was outflanked in’ the lafft year’s flood and the Sta- 
tion had itcommended that it should not be restored as ''t was excepted that '^e 
river would break away from that bank and would be attracted by the stone 
"pitched embankmentproposed near the Delhi Gate Pumping Station on the 
n^t bank. 

Aa regards the revival of dead riyezs, it was very difficult to g-ve a general 
•piBioB and ae&esna WMdd have to be dolt with qn iti merit, 
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Bao Bahadto B. V. JoOLEKAB nexfc said that the difficiUty meEtioaed 
by Dr. Bose had Bsver been experieaced at the Poona Station, The prooeduta 
followed the Poona Station was that the model was run to stable conditioas 
after ronning fonr ox ive flood cycles and the following observations were dome 
by mnning the domiiMUit dischai^e ; — 

(а) T.inAs of flow at surface and bed which indicated qualitatively the 
amount of bed sand dnawn by the canals ; 

(б) A certain amount of sand was injected and the amount of sand cd- 
lected on the bed of canals was measured in certain time ; and 

(c) Seeds were dropped on the bed of the model and tbe number of seede 
colleoted on the bed of canals measured and percentages wodced out. 

These three sets of observations gave an idea of the amount of sand that 
would be drawn by the canals in the prototype qualitatively. 

De. 1?. K. Bose asked how the samples of the Kshipra at TJjjain were 
taken 1 The grades varied consideralfly. 

Bao BAHsntnt D. Y. Jooeeeab replied that this was an “ incised iWex 
flowing thiot^ih very onevOn country and the variation in the grades was dn* 
to the rapid tangos m the flow conditions. The sauries cou^not be taktn 
during floods as the depth of water was great ; hence these were taken after the 
floods had subsided. 

Dk. K K. Bose enquired as to what was meant by an “ incised ” river ? 
Did the meander formula hold good for the incised river 1 

Bao Bahadxjb D. V. Jogleeae replied that an uunsed river was one whiok 
eat its bed in contzast witir rivers in flood plains, which build np their bedl. 
An examination ofmeandeis in both types of rivers carried out at the Statioa 
had revealed that meanders were a function of disoharge. This had already 
4&ew described in their previous Annual Beports. 

Db. B. K. Bose in reply to Mr. Jo^kar said that pitched iriand was tried 
on the Mox Barrage model but the normal dischai^ of tbe river was very low 
and it did not come into operation. The discharges at which this island w^s 
efEective lasted only for a very short period %pd as such, the influence of the 
idand could not be felt. 

Different typesof spurs were tried on the model, It was found that ih* 
downstream spur as proposed in the model protected the bank and did net 
produce any turbulence so that the silt entry in the right podmt was not 
jBffiteased. Dr. Bose- said that tlw model was run without the barrage. The 
result of this run was described in the report of 1946. 

Db. Bose saidthatthe crest of the canal regulator was raised above the 
floor of the undexsluice. This was effective in excluding very coarse silt of 
which a considerable quantity was carried by the river. 

He added that the setdes in the Dansodar and Mor- baxmge mod^.weie 
kept the same, as <mly oise kind of fwmd was availaUe for boti^' 
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• -De. H; -L. Uppal ■ wislifid to speak * few words about 'pitpbed islands. 
Regarding the pitched island that had been used on the Sulemwnki headworks, 
it was situated about 450 feet upstream of the Suleimanln weir and was 
associated with a specific regulation, which was given up in 1946. This was the 
reason why it failed to come into action. But that any service could fail a 
year or so e.g., the training works at Madhopur in 1947 and Ibis did not prove 
that the pitched island was always ineffective. 


DlSCUSSIOir BY IHE BOARD 

The Seceetaby said that 11 items were discussed at the Beseaioh. 
€onunitte meeting (page 6l4). There was no resolution. As regards the pro- 
posed C. B. I. Publ.cat:on on ‘ River Training ’ the positicm was the same 
as ^'t■ated in the Preliminary Jfote on page 613. 

It was decided to retain the subject on the Agenda. 


(iii) SCOUR AND EROSION 

PBBUMINAHY HOTE 

The Centra] Waterways, Irrigation and Navigation Beseaioh Station is 
noiketing data on scour below bridges and it is ho]^ that the results will be 
pie^nted to the Besearch Committee as soon as they ate available. 

The following items were discussed at the 1947 Besearch Committee meet- 
ing:— 

(1) Training of the river Indus above the Sukkor Bam^e to prevent 
slips of the rig^t bank below the nose of the approach channel. 

(‘1) Emergent measures for preventing eerious danu^e to the central 
sluices for the Mafaauadi Anicut at Cuttack, Orissa. 

(3) SoouT downstream of rigid structures in wide channels— prototype 
data regarding depth of scour downstream of brieves. 

(4) Coffe:- dam f.>r the Ramapadas^ar Project. 

(5) Tne Hagari Aqueduct for the Tungabhadra' Canal — Scour around 

piers. 

Mmnl Lkaratwt. 

(1) Bemodelling the Esna Barrage— Water and Water Engineering 
Vol. 50, No. 613, March 1946. 

(2) The Bulletin of the Beach Erosion Board— iWar Department, Corps 
of Sngineeis, U. S. Army Office of the Chief En^neera, Washi*^- 
ton, D. C., VoL 1, No. 1, Apa^ 1947. 
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(3) Hau B. H.— Devek^meat of eoaeiete levetmente on tlie Lowcet' 
Mississippi—Parts I and II Cioncrete, Yol. 55., No. 4 and 5, Apsil 
and May 1947. 

(4) Gardner W. and Lawiitzen C. W.— Erosion as a function of the 

of the irrigation steam and the slope of the eroding suifaoe'r^odl- 
Scieuce, Vol. 62, No. 3, September 1946. 

(6) Fiamji, E. K., Director Central Waterways, Irrigation and Naviga- 
tion Research Station, Poona — Scout below weirs — Second meet- 
ii^ of the International Association for Hydraulic Structurea 
Research. Stockholm. 1948, Paper No. 3. 

f6) Tisonl. J,, Profesaeur a niuiversite de Gand, Directeur de labora- 
torie d*hydraulique. — Transport de materiaui: de fond, et Eroskm 
a I’aval de baniages — Second meeting of the International Asso- 
ciation for Hydraulic Structures Research, Stockholm, 1948, Paper' 
No. 10. 

(7) Demarchi G., Professor of Hydraulics at thS “ Politechico Milane ” — 

Experiments on bed scouring downstream weirs — Second meeting 
of the International Association for Hydraulic Structures Researcli, 
Stockholm, 1948, Paper No. 26.' '' 

^8) Hathaway, Gaila., Special Assistant to the Chief of Engineers, De-* 
partraent of the Army. Wadiington D. C., U.S.A. — Observations 
on channel changes, degradation, and scour below Dams — Second 
meeting of the International Association for -Hydraulic Structures 
Research, Stockholm, 1948, Paper No. 27. 

(9) Meyex-Petex, E. and Muller, R,, Laboratorie de Recherches Hydra- 
uliques anexe a l^Ecole Polytechnique Pederale, Zurich.— AfioiUe- 
ments an aval des barrages — ^Second meeting of the International 
Association for Hydraulic Structures Research, Stockholm, 1948. 
Paper No. 29. 

ilO) ZaM Bey, Hasseu, Ph. D., M., Inst. C. B., General Inspeotot of IrtigS- 
tion, Upper Egypt and Leliavsky Bey, Serge, Ph.|^D., M. Inst. 
C.E.M.A.S.C.B., Directors, Deagning. Service, Reservoirs and Nile 
Bamges.— Tail erosion as a factor affecting the safely co-efftcieu* 
against piping. International Commission on. Large Dams, Third 
Congressi, StooHiolm 1948, RA- 
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TOB TEAR’S WffX 

'Die follotring items wete discussed at the 1948 Research Oommittee meet- 

; — . * 

(1) To stadj i^e possibility of ledacing scour below the slnices at 

Bhimgoda weir. 

(2) Prevention of erosion at the upstream nose of the right bank Bell 
Bmd of the Anderson Weir on the Damodar. *, 

(S) liodel ezperiinents for the prevention of erosion at KnrigraiAin th« 
river Dharla. ' 

(4) Mid-season scouring operations of the tight pocket of Sokkur Barrage. 

(5) Apron designs for the south guide bank of the Alexandra Bridge oa 
the Chenah— North Western Railway 

(6) Scour below weirs— by K. K. Pramji. 

(7) Model of the brMge on the rivet Ravi at Madhopux. 

(1) TO STUDY THB. FOSSIBimY OF BEDUCIKO SCOUR BEIiaW 
TEE SLUICES AT BHIMGODA WEIR (») 

Hie cost of repairs downstream of the floor below sluices has been mouhtiiv 
up in the past due' to concentration of the river at Unices. The abrasion 
&e floor downstream is particulaiiy severe due to increas^ velocities of 
hyper-critical jet bringing down.’mth’ it mass of boulder in high floods, 

• This problem was referred to the Central Hydrodynamic Research Statioit, 
Poona in the year 1937 and they had recommended- Wde Teehnical Paper 58 
of. 1937, a two feet bafBle 10 • 5 feet downstream of the toe of 1 in 20 iflcpiag 
glacis. They also recoimnended a l^o feet deflector sloping up 1 in 5 at the 
end. of the gra.nite flobr. These devices were unfortunately never tried. A 
geopxetrically similar model to scale 1 /4C representing all the six sluices and two 
.weir bays No. 1 and 2, was constructed so that the gauges could be reproduced 
accurately in a three dimensional flow both upstream and downstream . It 
was found possible to pull up the standing wave very advantageously for the low 
floods between 60,000 to 1,50,000, which .w^e the most danmging ones at site. 
After this the st.andi.ng wave alwajm formed at the pww floor. 

How'ever, as the proposal of silt excluders had already been accepted by the 
Chief Engineer, it was considered necessary to study these devices of baffles aitd 
deflectors in conjunetion with%e excluders. Has very model was now given a 
•■•vertical exaggeration of 1 to 1 • 67, and the presence of these devices immediately 
showed their undesirable result by helping the excluded shingle to pile up 
on the floor downstream of bay -No. 1. . It was also seen that the scour 
downstream was filled up considerably by the action of the excluders in con- 
'•jvm^on -with the baffle and deflector. • ' ' 

■ As the problem of securing equitable' distrihuition of flow above, has also 
fflsV to be decided and it is expected that 'with the modifications proposed 
therein the action at the sluices downstream would greatly minimise due to 

(**) United ProT^ces Irrigation Research Station, Reporli tn Beseareh PrognM 
]iM7, pages 57.58. 
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reduction in the discharge per foot 'at the sluices, such devices of baffles and 
deflectors cannot be studied with accuracy at this stage. ' 

It was decided that no bade on deflector need be tried at this stage on the 
downstream floor of the sluices for pulling up the standing wave. This ques- 
tion may be studied after the lowetii^ of crests and the functioning of excluder 
has been tried at site. 

(S) FBSVEHEKW OF.fiBOSIOKAT ^tDPSCBEAJI TXOB& OF fHEBlQST 
BANK BEU> BUND OF TJBS ANDERSON IFEXB ON THE 
DAMODABI**) 

The erosion behind the upstream nose of right bank Bell Buiui of the 
Anderson Weir was caused by the small channel Bodai which takes off from 
the n^t bank of the Damodar about three miles above the Anderson Weir, 
F^ure 2 C.14. Previous to the construction of the weir, this channel Bodai 
used to meet the Damodar somewhere downstream of thp present weir. 
The channd was closed by the afflux bmd extending iftoin the right abut- 
ment. The channel now has made a big embayment behind the . Bell Bmd 
and ^ter attacking its upstream nose flows over the weir in another big 
curve. A large island about 600 feet wide has formed in front of the ri^t 
Bel! Bvnd. . 

An inspection of the site has shown ^t the embayment on the right bank 
upstream of the guide bank is due to excess discha^ coming down tbe Bodai 
the Damodm. During recent years the conrse of the Biver Damodaihas 
dtanged considerably particularly beyond the point where the Bodai takes off. 
This change pushes in more discharge throi^ Bodai and in consequence the 
embayment upstream of the right g^e bank now has increased. The Bodai 
swings round the nose and ma^ a big curve into the Damodar bed and then 
flows over the weir ababout 600 feat away from the right bank. The Damodar 
Biver on the ri^thabk for this width of 600 feet is now almost inactive, and a 
big island has formed in consequence. To prevent the trouble, attempts were 
made in the model to put a straight cut throu^ the island on the left of the 
Bodai, Figure 2 C.15 and to see ifthecutdevelopB when thedidchannelbclo^ 
the offtake of this cut is also closed. It has been found that when the offtake of 
this cut is placed at A, Figure 2 C.15, the channel develops. If the offtake of the 
cut is placed at any other point like B Figure 2 G.15 bdow A, the out gets silted 
up at the offtake. Withthecutasshownin Figure. 2C.Ifl, ^ attaikon then^- 
stream nose of the Bell Bund ceases and the char in front of the B^ Buni 
also gets washed away gradually. If this cut is given and the old chasanal 
closed, the dead loop behind the Bell Bund ^rill gradually get silted up aud 
there will be no danger of the Bell Bund behind wa^ed away or ouifflanked. 

The SCOUT developed this year behind the upstream nose of the right bask 
Bell Bmd has gone to a depth of 25 feet below tlmtoe level of the Bell Bufd 
at a distance of about 40 feet from the toe, which has been eonsiderably 
eroded. ^^The embajnuent has gone 350 feet behind the nose. The survey data 
of the Damodar and the Bo(bii from 7^ miles above to 2 miles below the 
Andersen Weir after the flood season of 1^46 has just been received and the 
model is being Imd according to this latest survey data. 


(«} Birw BcaeMck Iiwtitato. WcM iimiua Bqett, IM7» pH* 47-^1 
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FigurelC. 1 5;> Showing planof the right bank of Damodar nearAndersonweir 

(Surveyor 1946 food season) 
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Figure 2C. 1 6>ShoM^/ng plea of river Dhoric oboveKurigrom surveyed 

Re*.No.27J7XDD(C)’50 1,210 (P.2.0 ,). ^ ' 

during July and August 1946 
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(3) MODEL fiXPEBZMfiNTS FOB -THE PBEVENTION OF EBOSION AT 
MUBIOBAM BT- THE BIVEB DFAEIA(»), 

ABSTRACT 

Tbew experiments weie started for derisinS measores to prevent erMion 
of the town <^Etitigram1>r the river Dha^. 

The Dhaila has a perennial source of supply like the Ganga or the Biah- 
. maputia and has a tuftTimnTn discharge of about 100,000 cusecs . Its banks at 
Kuri gram are of alluvial soil. Erosion of its right bai^ at Kurigram started 
about 10 years ago and became so severe in 1940 that the propossd for- shifting 
the SubH^visiobal town from Ktirigram to Lalmonifhat (in the district of 
Rangpux in Bengal) was seriously taken up by Government. In order to protect 
the town, the Irrigation Department has for the last few years been pend- 
ing conriderable amount of money annually for the construction of a num- 
ber of small spurs at points of heavy attack on. the bank. These spurs are 
each about 100 feet long and 6 feet wide making about 45° with the bank 
tine downstream, put up by drivii^ salballa posts along the sloping bank 
to a depth of about 12 feet below the bed and filling the space within riie 
salballa piles by brushwood. The longitudinal profile of each spur slopes 
down almost parallel to the bank pro^e, and the nose, of the spur on the 
river bed, though above the water line in the winter season, gets sub- 
merged during the flood season and the effectiveness of the whole length of 
the spur is reduced. The spurs were washed away in most cases diuing the 
first flood of the season and erosion continued during the rest of the flood 
season every year, 

« 

To^find out-if . there was any change in the river regime upstream of 
to Abcobnt for the chai^ of the river at Eurigram, the Director 
of the Institute with the Superintending Enginea of the CSrcIe went up 
ficom Eurigram along the river in a boat and found a new channel &lling 
into the river about 2| miles above Eurigram. On local . enquiry it 
transpired that this was a short cut of the meander of the same river opening 
sometime in 1936 or 1937. It was gradually increasing in size and during the 
flood season of 1946, its width increased &om 200 to ioo feet on the average. 
Observation during 1946 winter season showed that practically the whole 
disdurge of the rivet was then coming throng this new channel. As the 
development had a very important bearing on the whole laoblem, a thoroui^ 
survey of tiiis river from above the offtake of this uew channel to alwut 1^ miles 
below Eurigram passing the point where the dead old course of the Dharia 
jdned the present course Figure 2 G.16 was made durii^ July and August, 1946 
and the mc^el was laid according to this survey. Gauge and dischai^ observa- 
tions were also taken daring 1946 flood seasim and these were made avail- 
ahle to the Institute for running and proving the model. Observations were 
made at the following three sites : 

(1) At Eurigram ri^t bank between Gross-section Noe. 11 and 12. 

(2) Within the new chumel near its outfall into the Dharia. 

(**) Km RcMMeb WmS Bwgsi, Aaassl 1M7, M-TO. 
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(3) In the Dharla just above the offiake of the Pateswari, the old Dhark 
course. 

A description of the whole work done on this model is given below : 

(1) Construction of the model was started from the beginning of 
November 1946 and was completed by the 16th December 1946. The whole 
portion of the river shown in Figure 2 C.16 was incorporated in the model* . - The 
new channel and the Pateswari were also laid as surveyed drang July a^^ 
August 1946. Horizontarand vertical scale ratios were ohpsen as l/2w 
and 1/BO, respectively. As the survey was done during the flood season, the 
banks could not be surveyed, as desired, up to high flood level at all places. 
Whatever was done was incorporated in the model. 

(2) The similarity of the behaviour of the model with that of the proto- 
type was first proved by passing observed discharges oyer the model- and 
noting the gauge readings, velocities and streamlines obtained. Observa- 
tions in the model compared well with those of th^ “prototype. The results 
are given in Table 2 C.7. 

* (3) The effect of the opening of the new channel was then inyestigated iB 
the m^el. • The model was run by closing the new channel altogether and 
by keeping it open as in July and August 1946. Photographs of streamlines 
were tskm in the two cases for two discHirges namely 

(1) Discharge equivalent to 48,000 cusecs in the prototype. 

(2) Discharge equivalent to 70,000 cusecs in the prototype. 

As the new channel developed the point of attack ^adually shifted towar<k 
the upstream and Knrigram proper was affected. With the new channel as in 
July and August 1946, the attack was on a point just above Kurigram tpwh 
proper. This was also evident frpm the prototype-survey of the right bank' after 
1946 flood season-r-which had shown that there was considerable silting at the 
right bank on the town proper, 

(4) It was found in the model that the 1 4 or 1 5 spurs which were being put up 
in previous years for protecting the bank fiom erosion were defective in design. 
The crest of these ^puxs sloped.down parallel to the bank and nearly the whole 
•length of the spur below the bank would be submerged with rise in water level. 
•The spur would have been more effective, if tbe top of the whole length of the 
spur be kept above the highest water level. It was found in the model that only 
three spurs constructed* in this way woidd be able to stop erosion on the banks 
■at Kurigram: These spurs are to be made of earth dumped bn the river bed 
and protected on the sides by stone pitching and provided' with stone" falling 
apron. The following cases were tried in the model : — 

(i) A spur near cross-section No 13 and a spur near cross section No. 11* 
. (2) A spur near cross section No. 12 and a spur near cross-section No. . IL 
(8) A' spur ne« cross-eection No. 13, a spur near cross-section No. 12 and 
a ftpui;^neai)i€aoM-aeas^ 
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Case (1) could not perevcnt direct attack on the bank between the two spurs. 
Case (2) could not prevent attack on bank above the spurs. Case (3) was 
saccessM in eliminating direct attack on the bank at all places. ■ 


In all cases the current was thrown away from the bank below C.S. No. 11, 
Thus Only 3 spurs if properly constructed will he able to protect the town of 



Eigure 2 C. 17 ; Top-Showing current directiom toUh three epurs for 
a discharge of >18, (MO cusees. 

' Bottom.— SJtming current direction with three 'spun fur a dia- 
cdiarge of 70,000 rueecs, DharloBivermocbd. 
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Kurigram from fiirtheT oroaion. The dimensionaof apiira ofcaso (:5)above 
B!P aiveii below : — 

(!) Spur near cross-section No. 11 projected 100 feet into the river bed 
&oia the bank line (1946) mS'kiDg an angle of 17° 30^ with cross-sec- 
tion No. 12 towards the downstream. 

(2) Spur near cross-section No. 12 projected 100 feet into the river bed 
from the bank line (1946) maMng an angle of 8° with crosa-section 
No. 12 towards the downstream. 

(3) Spur near cross-section No. 13 projected 60 feet, into the riverbed 
from the bankline (1946) malong an angle of 13° with csross-sectMai 
No. 12 towards the downstream. 

Position and orientation of these spurs ate shown inUgure 2 0-18. The 
nature of the scour obtained in the model along the nose of the three spun 
fter running a maximum discharge of 70,000 cusecs is shown in Pigure 2 0.19 







spur near cross section No. i I 
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The TnaTrimiim water level observed at Kmigram during the years 1944, 
1946 and 1946 Avas 88*80 (E.L.). The top level of the spurs should be five feet 
above the observed maximum water level of Kuiigram. The top level has, 
therefore, been given to be 96*00 (R.L.)> width of the spur at the top 
is 10 feet, Thte des pitched with stone has been given a slope of 2 : 1 . Fall: 
ing apron has beer provided t? cover the maximum depth of scour observed in 
the model. The details of the spurs have been shown in Figure 20. 20. The 
amount of earthwork in the three spurs will be about 400,000 : 200,000 and 
32,000 cubic feet respectively. 


TABLE 2C.7 
Dharla River Model 

Comparisons of resvlis of Model with prototype vethies gauge reading {B. L.). 


XMsoh&rge onsecs 

At ‘Kurigram 

. 

*1 

In the new channel 


Nodel 

F ot) 

Protot3rpe 

(Feet) 

Model 

(Pett) 

Prototype 

(Feet) 

.. . . 

Model 

(Feet) 

Prototype 

(Feet) 


80*3$ 

B0-S5 

81*25 

81-27 

82-35 

81-58 


83* a' 

83*26 


84*17 

84* 7 

1 

84-54 


S3* 6 j 

53*46 

84- 4 

, 

84-38 

j 85- 5 

84-58 


(4) Um-SEASOH SCOmUOrG OPERATIOHS of the RroOF focsbt of 
SDKKUK BABRAGE(»} 


KBfkkes 

Tile Sakfcar Barrage suthoriiies have had under eonsidacaiion the pro*- 
poaal of ^ving additional scouring operations of the Bi^ Pocket of Snirttny 
Bairage in the monflis <A June, July and Aincost without clodng the Canals, 
in the hope that these flushings will keep the pocket clear and thus provide a 
silt trap where silt may deposit instead of hdng carried into the efttiaifi 
note discusses wheth^ sudi scouring operations are necessary or flkely to he 
usefuL 


(”} Coitmt Watarm^ilrriimtion and NftTi^tion BeaesnAStatkai, Poona, AnntialBaport. 
T«dini(wl, 1947 pagea 61-64. ' , 
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( 6 ) APBOK DESIGNS FOB THE SOUTH GUIBE BANK OF THF ALEXANDBA 
BRIDGE ON THE CHENAB— NORTH UVESTEBN BAXLWAY(>8) 

The cold weather suxrey of 1947 of the Gheuab river at Alesaadra Bridge 
revealed that the apron of the left guide bank between chainages 6 to 9 and at 
ftliainag n 12 had launched to a slope steeper than 2 : 1 for which it was ori^malljr 
design^ 

With parallel flow conditions, the stone pitching, generally, is expected 
to assume a side slope of 2 : 1. In the present case, however, the main ouiiffiit 
after leavingthe Findi Spur nose heads directly to the south bank, thus creating 
severe curved flow conditions. The profile of the guide bank generally 
associated with such conditions in its^, should not be a source of anxiety unless 
accompanied by other signs of weakness or instability, such as sufficiency of 
stone Sickness of the launched apron. 

[ 7- With curved flow, condirions similar to those at the head of a large-radini 
guide bank are obtained and as maximum scour in such a case is observed to be 
of the order of 2B (Lacey), the apron should be designed for scour below 
high flood level = 21t, (R being the Lacey normal depth) — and which in tbii 
ease = 45 feet below low water level. 

It was, thererfore, recommended that — 

(1) provided there are no other signs of weakness, it is not essentU 
to endeavour to maintain the launched apron to the unnatural 
slope of 2 : 1 in continuation of the permanent slope ; but 

(2) additional stone apron should be provided up to a distance of (a) . 
68 feet (1*5 x 45) from the present toe of the launched arpon- 
or (6) to the bottom of the scour if it be deeper than 26 feet 8 inchei 
below low water level — 1 *51? (Lacey)— whichever is more. 


(6) SCOUR BELOW WEIRS (») 

K. K. Framji, u. b. s., i. s. s. 


Director. Central Waterways, Irrigation and Navigation BeBecm^ Station, Po(m- 


Not discussed as pec decision of the Research Committee. 


** (**) OenimlWatsnmys. Irrigation aodNaTigatkmBeBeMQli Station Pomka, Annual Bepori 
'XeoiudaBl, 1947, page 

(") Onttal'Wai«rw»yi,lirigatianandKaTigatianBeseaiob.Station,Poona,AnniialRepott 

Taritniaal, 1M7, pages Slit, 
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(7) MODEL OF THE BBIDOE OH THE BIVEB Rtm 
AT MADHOPim(«) 

At the insiianoe of the Superintendii^ Eugmeer, Central Public Woxka 
Department, Madbopur, a model of the proposed bridge on the river Ravi 
downstiream of lifedhoput Headwotks was constructed for studying the condi- 
tions of flow in relation to various portions of the headworks ma., undersluices, 
shutter, weir, river creeks and high right side. 

The discharge in this case is mainly concentrated in the undersluices 
Piers No. 1 and 2 are, therefore, likely to be under heavy action. Preliminary 
investigaion of the model showed that since no general scour occurred between 
the undersluice cistern and the bridge piers, the proposed protection of that 
area was unnecessary. There was only local scour at the pier noses. 


discdssioh by the beseabch committee 

The Ohaibiiak (S. Man Sin&e) wanted to know whether in view of the 
fact that item (6) havii^ been presented at the meeting of the Ihtexnational 
Association of Hydraulic Structures Research it ^ould be discussed here ox 
not. 


The Committee wished to discuss it, but not bring it on record. 

Mb. S. N. Gupta introducing item (1) smd that during low floods (of the 
order of 60,000 to 1,50,000 cusecs) in the Gan^, the standing wave always 
formed below the floor of the imdeiduices at Bhimgoda weir as a result of 
which a deep scour had developed downstream endangering the safely of the 
whole structure. 

Remedial measures iu the form of a baffle and a deflector to be provided 
on downstream floor were recommended by the Poona Station in 1937 but 
were not tnkd then. A geometrically similar part modd of the undersluices 
rmd the weic to scale 1/40, iudicated l^e efficacy of these devices. 

Iu view of the shin^e trouble in the new supply channel, a shingle eTA luder 
was recommended to be cousfciuoted in bay No. 1 of the undersluices which 
would pass the shingle downstream of the sluices to the extent that no remedial 
measures need be necessary in addition. Again the equitable distrihution ai 
flow over the weir and the sluices would relieve the latter of the excessive 


East Punjab Irrigation Beseardb Institute, Amritsar, Annual Bepori 1947, page 

miCBl 
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strain. The effect of these two proposals would be studied in the prototype 
and further remedial measures suggested, if need be, at a later stage. 

De. K X. Bose said that he had nothing to add to what was given in the 
report regarding items (2) and (3). 

Rao Bahabhe r. V. JoGLBKAE introducing item (4) said that the Sulckur 
Barrage authorities had under consideration the proposal of additional scouring 
operations of the Ri^t Pocket of Sukkur Barrage in the months of June, July 
and August without closmg the canals, in the hope that these fl ushin gs would' 
keep the Pocket clear and thus continuously provide a silt trap where sand 
might deposit instead of being carried into the canals. 

There was no progressive reduction of area in the Pocket as would threaten 
the working of the right bank canals. Original bed levels were resorted after 
the September scouring. 

Mushings in June to August were, therefore, not necessary nor would 
they materially affect the sand charge in the canals, as the additional cross- 
sectional area obtained in the Pocket after scouring would be quicMy filled 
up. Moreover, the suggestion lhat the scouring should be done wUh cands 
open was demonstrably undesirble — the model clearly showed — because 
heavy sand charge was thereby drawn into the pocket, a large part of which 
entered the canals. 

Introducing item (5) he said that the cold weather survey in 1947 of the 
Chenab river at Alexandra Bridge revealed that the apron of the left guide bank 
between chainage 6 to 9 and at chainage 12 had launched to a slope steeper 
than 2 : 1 for which it originally designed. The Director's opinion regarding 
the necessity of providing additional stone to ensure adequate protection to 
the guide bank was, therefore, sou^t. 

TTisA pardld flow conditions, the stone pitching was expected generally, 
to assume a side slope of 2 : 1. Ih the present case, however, the main current 
after leaving the Pindi Spur nose or right bank about one miile upstream of the 
bridge, flowed across towards the left bank upstream of the left guide bank 
creating severe curved flow conditions. The profile of the guide bank generally 
associated with such conditions was curved in cross-section, as in the present 
case. ^B, in itself, should not be a source of anxiety unless accompanied by 
other signs of weakness or unstability such as insufficiency of stone thickness 
of the launched apron. 

With curved flow, conditions rimilar to those at Ike head of a long-radius 
guide bank were obtained and as maximum scour in such a case was observed 
to be of the order of 2 R Lacey, the apron ekould be designed for scour below 
hipest flood level = 2R, R being the Lacey nom^ depth which in this case 
-=45 feet below low water level. 



bivbb control 


678 


It was, therefore, recommended that : — 

Provided there were no signs of weakness, it was not essential to endeavour 
to the launched apron to the unnatural slope of 2 : 1 in continuation 

of thepermanent dope ; but additional stone protection should be provided. 

Regarding item (6) Mb. D. V. Joolekar had nothing to add. 

Dr. H. L. Uppal introducing item (7) said that there was really no neces- 
sity of canying on model uqwiiments. Due to the high floods last year oh the 
Ravi which had a discharge of 667,000 more than the maximum recorded 
before, they had to carry out certain experiments, which had been presented. 

Mr. Govinda Rao referring to item (6) observed that the note was not of 
as general and wide an application as the heading su^ested. The remarks 
seemed to apply particularly to low weirs and barrages in deltaic regions. 

The nature of flow below a bridge, a weir and a barrage had to be dis- 
tinguished before examining the possibility of applying or evolving a formula 
for Tn^i-THirintn SCOUT. In a bridge, the flow was through all the vents 

all the time. The intensities of flow, that is, the dominant discharge per foot 
width of waterway whs dependent only on the intensity of flood. In the case 
of a river whose regime had been fully established, the scour depended mainly 
on the intensity of discharge. The flow pattern was constant. It was the same 
ease in an open weir with no gates on it. Due to heading up of water upstream 
and downstream water levels differed perceptibly unlike a bridge. The scour 
depended considerably on tail water conditions of flow. In a barrage, the flow 
was controlled throu^ gates so that there could be variation in discharge 
intensity per foot width of waterway, in general pattern of flow and also in 
tail water conditions. The depth of maximum scout had, therefore, to vary 
in all the three oases due to very fundamental differences mentioned above. 


Regirding the causes of scour, in addition to the three causes i.e., excess 
energy of hyper-critical flow not being dissipated, formation of standing wave. 


created by I'ig'h pavements of bridge floors, it mi^t also bo due to turbulence 
caused by concentration of flow in particular portions as it happened if a weir 
was built immediately below a curve in a river, formation of eddies caused by 
return flow at masonry guide walls, training walls etc., energy of shooting Jets 
of waters as when a siphon in a weir was discharg ng, generation of vortices 
at points of sudden changes in direction and uplift created due to high 



674 


THB CXirmii BOARD OF IBBlGATtON AjmUAL BFFOBT 1948 


velocities at ezit gradients of pavements etc. 

In the Lacey fomnla JD = 0*9 { » D is the depth below Tna^rim-nTn 
water level, q is the discharge intensity and /is the sUt factor generally taken as 
equal to 1 ■ 76y/m where m is the bed diameter. In this formula q is merely 
the discharge intendty. It took no account of the nature and strength of 
turbulence causir^ the scour i.e., whether it was a vortez, positive or negative 
a shooting jet or a turbulence caused by insufficient dissipation of energy at 
a standing wave. It did not also take into account the nature and amoxmt of 
silt charge in the discharge. As mentioned by the author it did not also tab 
into account the effect of enlargements accruing in narrow channels. 


The factor “ f” m the formula defined the nature of bed material. If 
the bed material was very small in size say less than 0 * 5 mm., it was generally 
admitted that the size of the material affected the TnavimiiTn depth of scour. In 
bed materials of bigger sizes Butcher and AtMnson (Proceedings of Am., Soc. 
O.E., Vol. 235 page 256) had shown in this pap^ published by them, that the 
depth of scour was independent of the nature of bed material above 0'5 mm. 
size. So D was not always a function of (-j )*. 

The best method for determining the TnayimiiTn depth of scour was, 
therefore, by conducting model experiments. But in interpreting their results, 
the limitations these experiments had with those in prototype should not be 
forgotten. In addition to the limitations so clearly mentioned by the author, 
there were the limitations set due to (1) difference in cohesive force between 
particles forming the bed material in the prototype and in the model and (2) 
that due to strength of a vortez not being scalar. 

The SECBSrABY referred to item (6) and said that in his opinion, it was 
wrong to republish this paper in the Annual Report of any Institution. In 
any case, he did not propose to publish it in the Annual Report of the Board 
wherein only original articles or items of research carried out were published 
and he thoi^ht that the Research Committee shoxdd be very clear about it. It 
was a practice in Poona, however, to publish such papers in the Annual 
Reports. 

Altec discussion, it was agreed that such papers as had been published 
dsewhere should not be reprinted in the Annual Report of any statimi or cd ffie 
Board. There should be no objection, however, to give a releience to it. 
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Me. 0. V. GoIiB stated tlat the scoiix downstream of the sltdces of the 
Bhimgoda Weir occxined mainly due to the hyper-ciitioal flow persisting below 
the sluices, as the ^cis slope was very flat viz., 1 in 20. It was necessary to 
have the standii^ wave at the toe of the glads which could be done by steepen- 
ing the ^ds slope to, say, 1 in 5 and a deeper cistern. 


Mb. S. N. Gupta answered that he had already mentioned that they would 
take up all proposals of putting up a suitable ^ds and other devices below 
the sluices at a later stage when they had studied the result of their proposal 
already arrived at by model eAperiments, in the prototype. 


Tm Fbesidebt wanted Bai Bahadur Joglekar to explain the position 
regarding Hie collection of data on scour below weirs. 


Rao Bahadub D. V. JoQLEKAE Said that the collection of data was still 
proceeding. Whatever had been collected had been publidied in the Report. 


DISCUSSION B7 THE BOARD 


Thb Sbcbbtaby said that seven items were discussed at the Research 
Coi^ittee meeting (page 663). Item (6) was also contributed to the Inter- 
national Association of Hydraulic Structures Research This item was not 
discussed and the decision of the Research Committee in this connection was 
on page 674. 

Rat Bahadub Bbu Nabatan enquired whetheranyfiirtherprogresshad 
been made regarding “ Scour and erosion in Rivers He was specially interest- 
ed on this subject as it affected bridge piers. He stressed the necessity of 
collecting data during and after floods. 

The Seueetaby said that the data so far collected had appeared in the 
Annual Report of the Central Waterways, Irrigation and Navigation Research 
Station. 

Ra[ Bahadub C. L. Hactda explamed what happened at the Naushera 
site of the bridge over Bias last summer. The river had been flowing on the 
ri^t side for long long time. The design of the bridge was based on lie latest 
surveys and there was no apprehension of any serious change in the course of 
the river. But the river changed its course last year. Similarly in the ease 
of the Harike site which Rai Bahadur Brij Narain mentioned they haul two 
maps of the Survey of India— one dated 1912 and the other dated 1937 and 
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when they tried to compare them together they fotmd that the confluence of 
the river showed a discrepancy of half a mile. If this rate of the moving down 
of the confluence of the river contmued at the same speed he observed that 
the site mi^t be obsolete in 20 years. 

The Ohatbiwatt (Me. S. A. Gadkarv) opined that the construction of 
barrage would solve it. 

The Board accepted the decision of the Research Committee. 


(iv) Spill 

FBEUBONART NOTE 

Thia sub-head was introduced for the first time in 1946. To clarify the 
objective of investigation under the subject the Board at its 1945 annual 
meeting adopted the following resolution : — 

“ Resolved that the following questions in condumons with spiUneed 
investigation : 

(1) The merits of contorfled spill with regard to the effect on the flooded 

areas and the regime of the river downstream. 

(2) The discharge and duration of flow required to flush drainage 
channels under controlled ^ill. 

(3) The effect of spill on the sand transporting capacity of parent 
channels. 

An d that the following data should be collected : — 

(*) Gauge readings and discharges with cross-sections, water surface 
slopes, angles of off-take, and other hydraulic data in parent rivers. 
(ii) Silt loads of parent and spill chaimels. 

(m) Rate of accretion in river and flooded area.” 

The following item was discussed at the 1947 Research Committee meeting:— 

(1) Model experiments on the revival of river Chandana. 

THE TEAR’S WORK 

The following items were discussed at the 1948 Research Committre 
meeting 

(1) Model experiments for the revival of the river Chandana. 

(2) Model experiments in connection with the revival of the Peali River.. 

(3) Matla — ^Peali Tidal Model— Analysis for Data. 


(1) MODEL EZPEBIMENTS FOB THE REVIVAL OF TEE RIPER 
CHANDANA(») 

ABSTRACT 

The expariments on this modr'l were in the teginning raiiird out at the 
Modd Station at Rdghocia and the report of the whole work was published in 
the Annoal Report of 1946, where histeny and otiier details of the problem 
were also explained. Dcecribes further experiments carried out. 


(**) Riv«r Reseatoh Institute, West Bengal, Annual Report, 1947 , pages 70 - 74 . 
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The Chandana, in the district of Faridput, in East Bengal, is a small ^ill 
channel of the Padma barrely 150 feet wide and takes off from the right bank 
of the Padma at a distance of about 38 miles downstream of the Hardinge 
Bridge (Bengal Assam Eailway) . It is below the offtake of the Gorai, another 
spDl channel of the Padma carrying a marimum discharge of about 200,000 
cusees. The Chandana, however, carries a mazuniun discharge of not more 
than 2,000 cusecs only. Previous records diow that about the year 1863 the 
main course of the Padma was along its tight bank near the offtake of the 
Chandana. At present, the main course of the Padma near this offtake is 
along the left bank. There is a big island just in front of the offtake, see figure 
2 C. 21 and during low stages of the Padjoaa it is only the back-water coming 



Kgute 2 C. 21 : Plm of the rvoer Padmi^ showing a hig island just in from tf 
the fffftdke of ihe rwer Ghandana. 
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tLroo^ a sinall loop froia the doTfnstreaiii end of this island along the right 
bank that enters the Chandana. As disdiarge in the Padma increases, this 
island gets sahmerged and direct entry into the C3iandana is obtained. The 
Chandana, however, like many other spill channels of the Padma, has badly 
silted up and the surroonding area which was once healthy and prosperous 
has also decayed. This spill channel now gets supply from the Padma only 
daring the flood season and for the remaining part of the year it becomes a 
series of stagnant pools. The problem now is to revive this dying ^ill channel. 
A project for excavating the Chandana to designed sections has been proposed 
but as it is not sure if the resectioned Chandana will not silt up again, the 
problem was sent to the Institute for investigation. 


AVAEABUiDATA 

The only data available for construction of a model was the 1946 (February 
to April) survey of the Padma from five miles above the offtake to three miles 
below it and the 1943-44 survey of the Chandana. 

The data available for naming and proving the model were — 

(1) Discharge and gauge observations at the H^dinge Bridge at Paksey 
about 38 miles above the offtake of the Chandana at Gautampur. 

(2) Gauge readings on the left bank .of the Padma at Dogachia about 
16 ’5 miles above the offtake at Gautampur. 

(3) Gauge readings of the Padma at the offtake of the Chandana at 
Gautampur. 

(4) Gat^ readings of the Padma at Goalimdo, about 23- 6 miles below 
the offtake at Gautampur. 

(5) Gauge and discharge observations of the Chandana at the Bailway 
bridge over the (fliandana at Pangea 38i000 feet from the offtake 
at Gautampur. 

Simultaneous data for all the above five items were available only for the year 
1945. 

From (1), (2) and (3) above the gauge readings of the Padma at a distance 
of five miles above Gautampur and ffom (3) and (4) above gauge readings of the 
Padma at a distance of five miles below Gautampur were interpolated. The 
discharge of the Padma at five miles above Gautampur was obtained by deduct- 
ing the approximately known Gorai discharge ffom the Padma discharge at 
Hardinge Bridge, there being no tributary or spill of the Padma in this reach. 



BIVEB CONTROL 


679 


THE MODEL 


The model built at the Model Station of the Institute at Bel^oria and 
the experiments conducted therein were given in detail in the Annual Eeport 
of 1946. The difficulty there was that discharge more than 8*5 cusecs could 
not be obtained with the help of the pumps installed there. The scale of the 
model there had to be reduced to the horizontal and A vertical and the maxi- 
mum discharge in the Padnia that could be run in this model was only 850,000 
cusecs. The chances of increasing the pumping capacity at Belghoria being 
not immediately encouraging it was decided to build a Rimilar model on a bigger 
scale at the Galsi Model Station of the Institute where higher discharges were 
available direct from the Damodar Canal. 


The portion between five miles above and three miles below the Gautampur 
offtake of the Padma was laid in sand (average diameter==0*33 mm.) on a 
scale ^ horizontal and A vertical at the Galsi Model Station* On the 
upstream end of the model another 6 miles were contoured according to the 
aerial survey of 1939, This was done to simulate proper approach condi- 
tions into the model. Similarly at the downstream end a reach of two miles 
more was contoured on earth. The bed and banks of the- Ghandana up to 
40,000 feet from the offtake (that is, up to 2,000 feet below the Pangsa Rail- 
way Bridge where prototype gauge and discharge observations were avail- 
able) were made in weak cement plaster placed over properly sectioned earth, 
because the problem of study was the entry of discharge and silt from the 


Padma into the Chandana and not the bed movement and erosion of the 
Chandana itself. The bed of Chandana does not contain any sand, it is hard 
non-erodible. The right bank of the Padma above the nhand aTia was properly 
contoured according to 1938-40 survey data to allow proper spilling in the 
model over the right bank. This portion of the right ba^ is low and becomes 
submerged when the discharge in the Padma goes above 800,000 cusecs. Part 
of this discharge enters the Chandana over its right bank ani increases its 
discharge. 


Gauges in the Padma were put in the model (1) at five miles above Gautam- 
pur, (2) at Gautampur and (3) at five miles Below Gautampur. In the Chandana 
the gauge was measured at the Pangsa Railway Bridge. The discharge in the 
Chandana was measured in the model below the Pangsa Railway Bridge by the 
volumetric method. 


the experiments 

The construction work of the model was completed towards the end of 
July 1947. The data available for building this model were rather incomplete 
and various adjustments had to be done in the model, before it could be made 
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to leproduce piototype conditions. The work took the whole of Septemhei 
1947. Table 2 0. 8 was prepared firom observed gauge readings and discharges 
of the Chandana and the Padma during the year 1946 and the model wag 
expected to reprodnoe these readings. 


Table 2 C. 9 shows the readings observed in the model compared to those in 
the prototype. Except the discharge figures of the Ohandana, which were not 
very accurate for the prototype, other figures tallied well. The model wag, 
therefore, taken to have reproduced prototype conditions. 


Experiments were conducted to find the amount of silt entering the 
Chandana from the Padma fox different discharges of the latter in a fixed 
period of time in the model. In each experim^t a steady discharge was 
passed over the model and gauges were reproduced according to the proto- 
type values by adjusting the downstream gates of the Padma and the Ghan- 
dana. The model was run in this steady stage for seven hours m each experi- 
ment and the volume of sand depositing on the Chandana bed was collected 
and mesasured. No sand was found to have reached the Pangsa Bailway 
Bridge or the downstream measuring chamber of the Chandana. Table 2 C. 10 
gives the results of these experiments. Besults of these experiments were 
not found to be consistent and it took nearly two months to find the cause of 
this inconsistency. In the early part of these experiments— in September 
and October 1947— the water of the canal, passed over the model, was turbid 
with fine suspended clay. Nothing could be seen below the snr&ce and this 
fine suspended clay would cover nearly the whole bed after each experiment. 
Elis scum had to he removed after each experiment and the bed recontoured. 

November 1947 when the canal water became clear it was found that there 
was practically no bed movement in the* model near the offtake of the Chandana . 
The sDifaca velocity in the Padma near the offtake was found not to exceed 
0*3 feet per sec. in the model even at the hipest stage. The sand that was 
finmd to have mitered the Chandana in the above experiments had all come 
there as floating particles when water was first passed over the dry recontouie 
model bed. As soon as these floating particles of sand would pass the first 
oonstxictiota in the Chandana, th^ would get mixed up with water and settle 
down immediately after the constrictions. This was confirmed in the first 
week of December 1947 when similar experiments were repeated without allow- 
mgthe surfsce floating sand to enter the Chandana. The results of experiments 
on December 4 and 6, 1947 will prove this point. The natural conclusion was, 
therefore, that no sand was found in the model to have entered the Chandana 
fisom the Padma, with the present conditions of the Chandana. 
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TABLE 2 C. 8 

HimuUanecm gavge readings and discharges observed in the Padma and Chcmdana 

during 1945. 



Ganges of Padma 



August 4 


August 9 


August 15 


August 20 


August 25 


August 30' 


September 5 


September 10 


September 15 j 


September 19 


September 25 


September 29 


5 miles 
upstream 


Gauges of 


At At 

Pangea Hardinge Gautam- At 

Bridger ' pur Pangea 
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. TABLE 2 0.9 


Chtmdam Offtake Modd 



Date of 
Experiment 

(1947) 

.s 

1 

1 

Disobarge 

inousecs 

Water level (B.L.) of the 
Padmaat 

Water 
levriof 
the Chan- 
dana at 
Pangea 
Rly. 
Bridge 

Discharge of 
theChandana 
at Pangea Bly, 
Bridge 

incnsecB 

Five miles 
upstream 

Gantam- 

pur 

offtake 

Five miles 
down- 
stream 

September 19 

Model 

488,800 

31-4 

30*0 

28-8 

28*0 

860 


Prototype .. 

466,500 

31-54 

30-26 

28*87 

28*0 

Not observed / 

September 23 

Model 

736,000 


32-6 

31-6 

30*32 



Prototype .. 

736,000 


32*76 

31*61 

30*30 

1,026 

Ootoberl .. 

Model .. 

1,080,000 

36-8 

36-4 

33*8 

33*4 

1,760 


Plotoiype .• 

1,080,000 

36-6 

36-16 

33-7 

33*4 

1.668 

Ottober21 

Mbdrii 

827,000 

36*2 

33-8 

32*4 

31*1 



Protobfpe .. 

827,000 ' 

35-09 

33-66 

32-43 

31-10 

Not observed. I 

November 2 

Model 

1,209,000 

37*2 

36-7 

32-6 

33*8 . 

MB 


Prototype .♦ 

1,209,000 

37-20 

35*60 

34-03 

33*9 

Not observed 


TABLE 2 0.10 


Date of Experiment 


l>riow the Qaral 
offtaAoeiii 



736,000 

1,030,000 


1,080,000 

1.617.000 

1.209.000 
1,209,000 


Disdhaige 
in the 
dana below 
the Pangea 
Bly, Bridge 
in (msecs 

Volume of 
sand enter- 
ing in 7 
bouiB of 
the experi- 
ment in 0 . 0 . 

Model 

Model 

0*017 

Nil 

0*021 

100 

0-020 

Nfl 

0-036 

90 

0-020 

130 

0-030 

126 

Not measured 

76 

0-060 

36 

0*032 

36 

0*037 

66 

0*034 

60 

0*027 

50 

0*024 

Nil 

0*025 

Nil 



In these experixaents 
floating sand was 
not allowed to enter 
< 7^n.TnlA.'naT 
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It was also found that the velocity of entry of water into the Chandana 
at its offtake increased gradually up to the bankfull stage of the Padma (corres- 
ponding to a discharge of about 900,000 cusecs at the Barduige Brid^) but 
as spilling started over the ri^t bank of the Padma above the Chandana oSis.\e, 
part of this ^ill-water entered the Chandana over its right bank and backed 
up the flow in the head-reach of the Chandana ; consequently the slope of the 
Chandana within the first five miles from the offtake became flatter and flatter, 
as the disdiarge in the Padma increased over its bankfull stage. To detect 
this flattening of slope, a gauge was put in the Chandana about four miles below 
the offtake and the gauge readings were observed for different discharges at 
different gauge sites. The observed readings are given in Table 2C. 11 

TABLB2C.il 


Discharge in the Padma below 
the Gkirai offtake 

Gauge readings (B.L.) observed in the model at 

Modd 

(cusecs) 

Prototype 

(cusecs) 

Gautampur 

Four miles 
below 
Gautampur 

Pftngsa Itailway 
Bridge 

9-20 

465,500 

30*26 

29-0 

28*0 

14-50 

735,000 

32-8 

81-8 

30-3 

21-35 

1,080,000 

^-2 

34-6 

33-4 

30-00 

1,517,000 

1 

36-0 

SS-8 

34-5 


Esperiments so far carried out have gone to prove that at the present 
position of the offtake there is no bed sand entry into the nhar[<^n.Tn>. from the 
Padma at any stage of its flow. This is also corroborated by the bed sarvey 
of the Chandana from its offtake undertaken in 1946 by the Eiver Besearch 
Institute, Bengal. This survey showed that the bed material was everywhere 
clay ^d very fine silt. Ifo sand was found anywhere in the whole reach of 
the river from Gautampur downwards. 


(2) MODEL EZFEBIMENTS DT CONNECTION UBITH TBE BETI7AL OF 

THE FEALI BIFEB (»>) 

ABSIBAOT 

The i^posal of the Superintending Engineer, Southern Cb yie, about 
the ze-ezeavation of a certain tength of the upper reaches the R»n Biver to a 
designed section and the effect on this of the ^Ufrranthe Wntia Biver 


{") BiTer Beseardk Instit tilt, West Bengal, Aimiial Beportr 1M7, pages 7S^ 
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was t^^ted to tbe Institate for study in a scale model. Tbe points that were 
to l)A investigated in the model were as follows :~ 

i(l) B after the ie*excavation of Peali River the connection between the 
Feali and the BEatla is cut ofl by means of a bundsaxosa the Peali near B.nlM 
what will be the effect of this construction on the regime of the Matla River. 
Provision for draini^e and navigation of Peali will of course be made by means 
of a lock and shiiee in the bmd and a coimeoting channel with the Matla. 

(8) If the ISatla River is affected by the proposed bmd across tbe Peali 
outfall what preventive measures should be taken to counteract this evil effect. 

(3) What will bs the effect cf keeping th^i Peali River open to Matla spil^ 
even after the re-orcavation. Can the Peali maintain itself with tbe limited 
drainage water supply 1 

Results of experiments are given : — 

The Matla is a tidal river and the tides from the sea face bring in large 
quantities of sand, silt and day at every flow tide. These pass into the spill 
channels and ultimately into the spill areas. Twice during the day of 24-hours 
these sand, silt and clay are deposited during the periods of slack water on the 
beds of the parent river, spiU chaimels and the spfll areas. Both banks of the 
Peali being embanked all its spill areas have been cut off and it has only limited 
drainage during the rainy season. In consequence, its bed has been rising 
rapidly in the upper reaches and the drainage sluices have all become inoperative 
in this reach. If the upper reaches of the Peali are re-ezcavated to the designed 
section and lefb open to the spill of the Matla as suggested in the third alter- 
native this reach wffl again silt up unless the following preventive measures are 
adopted at the same time : — 

(a) Remove the embankment and allow the Peali to i^ill on both its 
banks. 

(b) Bring in silt-ffee upland water supply all throughout the year to 
flush the channel. 

l^either of these measures are possible now. The results of model experi- 
ments carried out by Prof. Reynolds in Bngland are quoted in the institu- 
tion of Engineers’ Paper on “ Deterioration of the Bidyadhari River ” by 
Mr. D. N. Sen Gupta. These e^riments of Prof. Reynolds had omitted 
to take into account the one most important factor which is peculiar to Bengal 
rivers in the tidal reach@, namely, the heavy silt and clay charge which these 
rivers carry in suspension. In consequence, these results of Prof. Reynolds 
cannot be applied to Bengal rivers. 





Ol'O' 
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A model of Matla-Peali system was laid to a scale of — 

800 

and vertical. This included a stretch of the Matla River from rianniTig 

to a point about four miles downstream of Kultali, the outfall of the Peali and 
that of the Peali &om its junction with the Bidyadhari to its outfall at Kultali. 
As the vertical scale distortion was high, the model bed and sides were laid 
in very weak cement. A crossnsectional survey of the River Matla for 1946 was 
available hrom the Port Commissioners of Calcutta who had also taken a set 
of simultaneous gauge readings of the Matla River at Canning and Basanti 
during a fortnight in January of the same year. A cross-sectional survey of 
the river Peali was made by the Executive Engineer, Canals Division, tlm-ing 
1945-46. No fresh bank survey of the Matla and Peali was undertaken. It 
was asserted by the Superintending Engineer, Southern Circle, that there had 
been no major changes in the river course since the cadastral survey of 1929 
was completed. The model was, therefore, laid to 1929 survey with cross- 
section taken during 1945-46] The model was first “ proved ” from the gauge 
readings of the Port Commissioners for January 1946. The tides in this twaiIaI 
were generated by a special device and the agreement between the observed 
and model gauge curves are shown in Figures 2 C. 22 (i) and (ii). 


It had been pointed out in last year’s annual report that the model gauges 
had been fairly reproduced at the downstream end at Kultali. Previously 
the gates were controlled by noting the level of water so as to reproduce the 
gauges near the gates. Afterwards a noteworthy change that was madfl in 
the operation of the gates for mamtaioing the gauge-curve was that the gate 
was operated by mtroducing a time-factor. By trial it was seen that the 
gauge readings of a particular tide could be reproduced by operating the gates 
at definite intervals of time and to definite marked positions of the gate (these 
positions being adjusted by trial and error) without noting the level of water. 
Introducing the time sequence into the operations, the gauges were seen to be 
better reproduced and cycles could be well repeated without much difficull^. 
Of course, for different tid^ the position of the gate TnarlringB required adjust- 
ments and alterations. 


Another change that was made was this. It was first proposed that there 
would be two gates, one at the downstream end and the other at the upstream 
end of the model and the gauges would be reproduced by the operation of 
these two gates, water being fed from both the ends. But after running the 
model for some time, it was seen that the operation of the upstream end gate 
could be abandoned and this made the reproduction easier. 


Hence as the supply water was not required during the ebb tide thm was 
by-passed through another gate A, before enteringthe model, Figure 2 0. 23. Thig 
discharge was passed through a standing wave flume to a measure the volume 
passing out (Cate I and flume 2). The gate at the upstream end was, therefore, 
entirdy blocked and the model was run only with one gate at the downstream 
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end (Gate II). The discharge passing out’of this gate Tras passed through 
another standing .wave flmne HI and this ^nld always be measured (Figme 
2 0. 23 shows the full arrangement). 


One of the first mgns of deterioration of a tidal river is the rise in its water 
levd during hi^ and low rides. The next’sign to follow is the rise in the bed 
leveL WMi the rise in the bed level the water levds rise still farther till the 
bed rises so that the tides can no longer flow over it and the rivet then 
dries np. This process has been followed % the Bidyadhari and this process 
was gradually creeping down the Peali up to Uttarbhag. In the model, there- 
fore, the experiments were arranged in the following way. In the first series, 
the effect of closing the Peali by a bund on the maximum and TniTiiTtmTn gauge 
readings in the Matla during flow and ebb rides were observed at a number 
of points in the river. The second series of observations dealt with the rise 
due to the closure of the Peali in the bed level of the Matla caused by bed move- 
ment and the third series with the rise in the bed level of the Matla caused by 
the settlement of suspended load. Series 1 and 2 have been completed and 
the results obtained so far are given here. 


All the subsequent series of experiments in this connection were carried 
out under the fonowing assumption. The validity of these experiments, 
therefore, depend on the validity of this assumption which is this. In a channd 
subject to tidal actions, the tidal impulses travel from the sea face up the channel 
and dissipate themselves gradually as they travel upstream. The magnitude 
and period of the impulses are determined by the tides in the ocean which in 
turn are governed by the attraction of the Sun and the Moon. It, therefore, 
comes to this that so long as the attraction of the Sun and the Moon renoains 
the same and there is no change in the hydraulic characteristics of the estuary 
leading the ridal impulses from the sea face to the channel under consideration, 
the impulses travelling up to the channel will not be affected if any change is 
made in the chaimel itself. The impulses will come into the channel with the 
same intensity and sequence and dissipate themselves in other parts of 
the channels not affected by the change. If, however, both the liigb and low 
water levels rise together it will indicate that there is not enough ^ill area to 
accommodate the smplus impulses from the chaimel. If there is suffioient epill 
area the hi^ water level may rise sli^tly but the low water level will go down 
indioating that the smplus energy had been absorbed in the q>ill area and 
are released gradually during the ebb tide. This assumption had been utilised 
in the subsequent experiments. 


A steady discharge was let into the model over a measuring flume (No. I) 
from the sump (Figure 2 C.23). This was kept steady so long as the model tan. 
By manipulatmg gates No. 1 and No. 2, the discharge actually going into the 
modd was regulated so as to reproduce one of the prototype gauge curves. 
In this case the gauge curve at Kjiltali was reproduced. In the prototype 
there ate a number of spill areas connecting with the Matla. Their extent and 
levels ate not known. Ofthese spill areas those near Basanti and Fort Canning 




Reg. No. 27J7 XOD (Q '50-1.210 (P.Z.O.), 

Figure 2C.23 > Man slwwlnf the arrangement at Motia Pwii tidal model 
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are of any considerable size. There are also two gauges in the River 
Matla near +hese spill areas. The gauge curves for these two gauges are also 
known. In the model, therefore, after the Kultali gauge was reproduced by 
the manipulation of the ^tes 1 and 2, the spill areas of Basanti and Canning 
were adjus' '<11 to reproduce the simultaneous gauge courses at these two sites. 
When all the 3 gauges Kultali, Basanti and Canning were correctly reproduced 
the gauges in the Peali came out correct by thepiselves. This was possible 
as there is no spill area connected with the Peali which is embanked on both 
banks and does not allow any spill. The discharges passing down the flume 
2 and 3 were measured and discharge curves plotted ^guros 2 0. 2‘1 (/), (? {), {iU) 
and {n’]. While repeating the cycles efforts were made to rc^oduce those 
discharge curves faithfully so that one could he sure that the same sequence 
of discharge was passed into the model [Figures 2 C. 25 (i) and (ti)]. Great 
emphasis was laid on this aspect of the operation as otherwise there would be 
no certainty that the same intensity and sequence of tidal impulses are sent 
into the model for aU the runs. 

Scries l.—Jn this series after the model Avas proved, one hundred tides 
following the tide curve of March 7, 1947 at Kultali were reproduced in the 
model. Tlie corresponding high and low Avater levels at Kultali, Basanti 
and Canning wore recorded. These values were examined statistically and 
shoAA'cd great consistency and very small standard deAuation. The Peali was 
then bunded up at the point proposed and the same tide repeated one hundred 
times. Tlie high and Ioav gauges at Kultali, Basanti' and Canmiig AA-oro again 
noted and analysed statistically. They showed the same order of consistency 
as previously. The average values of the high and Ioac water levels of these 
two sets of observations were fundamentally different. The average A'ainc 
.of the high Avater level after the closure was significantly higher tlian that 
before the closure, while the average low AA’atcr level after the closure Avas 
significantly loAver than that before. This indicated that though, after the 
closure, there was a likelihood of the high water leA’el going up in the Matla 
giA-ing indications of silting, the low Avater level Avould be lower in the latter 
case than in the former which showed that scom'ing would occur during the 
ebb improAnng the regime of the channel. 

Further, surface velocities were observed by dropping floats in the Matla 
at the cross-section No. 42A during flow tides and at cross-section No. 4 during 
ebb tides before and after the closure. These are given in Tables 2 C. 12 and 
2 C. 13. They show that the average values of the surface velocities 
in both cases after the closure. The total energies of flow across the River 
Matla both at Kultali,* Basanti and Canning were calculated according to the 
following formula given by Dr. A. T. Doodson in Admiralty hjanual of Tides 
(page 168). 

Tol/iil energy =0 

wBerc conf<fan(» 

y=rise in Lciglife above mean level. 


3M^108I 
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Th® values obtained in the model were 



Total energy at KuHali--- 

Flow. 

Ebb. 

Before closure . . 

After dome .. 

2,17« 

2,450 

2,178 

2,480 

Total energy at Basanti— 



Before dostire . . 

After dosTue .. 

2,296 

2,592 

2,310 

2.592 

Total energy at Canning — 


- 

Before elosiire . . 

After closure . . 

2.523 

2,888 

2.538 

2,888 


Tie total energy values after closure we in boti cases higher than the 
pre-closure values indicating that there was no chance of silting of the Matk 
if the Peali is bunded up, Figui-e 2 C. 26 tuid 2 C. 27. 

To obtain some direct evidence of silting in the Matla due to the closure 
of the Peali, ejtperiments on series 2 and 3 were initiated. Silting in tidal 
rivers is caused by sand brought up from the sea end by tides rolling on the 
bed and also by silt and clay brought in suspension and dropped on the bed 
during periods of slack water. The two processes are entirely diffwent and 
were, therefore, investigated separately in the model. 

Sm^ 2.— In this series “ sand ” (bed particle) in different varieties was 
injected into the model across a section of the Matla about three miles Irelow 
the Kultali-outM of the Peali. Measured quantities of •' sand were' 
injected ftom the moment the velocity started rising, that is, from immediately 
after low water and up to one quarter tide, for twenty tides consecutively 
during each run of one hundred tides. The exact kind of “ sand ” to be used 
in the model was determined by trial and error. 

» 

SAND 

111 the fii'st experiment with sand as bed particles 0 • 5 cubic feet of sand 
was injected in the model just beyond the fall at the beginning of each of 
first ten cycles, the total quantity thus being 5 c. ft. In the subsequent 
expmments the total qunatity was raised to 10 c. ft. injected in 20 cycles 
just at the entrance of the model, that is down the cross-section No. 49A. 
In all, as many as seven experiments were conducted with sand as bed parti- 
cles. It was observed that alxnost all the quantity of sand accumulated in 
tke dwp portion between cross-section Fos. 49A and 46A, very little move* 
ment being noticed beyond cross-section No. 40. The model was not generaOj 
ran foot more than 60 to 60 cycles a day, ftesh quantity of sand being injected 
ev^ toy. Another experiment was continued (with 10 cubic feet of sand 
mjected in first 20 cycles) for 400 tides without adding any more sand. Theas 
to(^ a number of days so water was introduced into the model in the morning 
and of the model at the end of the day very slowly, without disturb^ 

mg the distribution of sand. There was movement of sand up to cross-section 



Discharfe In 




Figure 2C.25(U)> Showing discharge In the model after closure of Piall 
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Rgur«2C27:-Sftpwfng tnergyealculatiaia after closure 
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TABLE 2 C. 12 

Obsermtim of Float Velocity in the river Math. 
Flow tide. 


Serial No. 

Distanoe along the streaznline 
in inches 

1 

1 Time in 
; seconds 

‘ Ydocity 

’ ft./sec. 

1 

j Average 

! velocity ft., 'see. 

! 

1 

Before clom’e* 

1,040 

255 

1 

0’63 

1 




256 

0-64 

1 

1 

! * * 

1 

1 


1 

2,076 

270 

0*64 

0*64 

1 


1.762 

223 

} 

! 

0*66 



1,762 

230 

0*63 

1 

*• 

1 

After clmire^ 

1,014 

239 

0*67 

-• 

2 

2,101 

260 

0*67 

•• 

3 

2,052 .. .. 

249 ; 

1 

0*69 1 

0*69 

4 

1,996 

i 

234 

0-71 

*• 


2,156 j 

1 

256 

Ih70 

j 

•• 


1 


i 

- 
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TABLE 2 0.13 

Obsmation of Fhai Velocity in (he river MaMa, 
Ebb tuh. 


SwhlNo. 

Disfcanco along tho streamline 
in inches 

Time in 
seconds 

Velocity 

ft./seo. 

Avera:;# 

velocity 

1 

Before rhsure on Jamary h 

lf940 • • • • e • 

320 . 

0*53 

•• 

2 

1,762 #• •• •* 

270 

0-54 

•• 

d 

1,979 • • y* • • 

• 

300 

(►•53 

0*53 

4 

1,87G ft t • • • 

3U2 

0-62 

•• 

6 

1,762 • « • • ’ * 1 

285 

0*52 

•• 

1 

Afkr eiosure on Jan uary 10, 194S 

2,133 

323 

0*55 


2 

2,111 

310 

0-57 

•• 

3 

2,101 

315 

0*55 

0-56 

4 

1,940 

282 

0*57 


6 

1,040 

288 

0-5(5 

J 
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Amlysislpf bed samples collected fmn the chars in the Peali bettseen Dhosa mi 

Peali Railway Station. 


1 

1 

i 



Percent- 
age above 
0*06 mm. 


iM'ial 

Kegisteud No. 

Deaeription of the sample 

Mean 


diameter 
and below 
0‘6 mm. 

diameter 








Per cent. 


\ 

i 

1 

1 (IVali) 

2{«) (I)um Dum) 

Sampled from tlie dry bed of Peali bet- 
ween PeaU Railway Station and Uttar- 
bagh (2 miles from PeaU Railway Sta- 
tion). 

7-5 

• « 

2 

Sampled from the ** char ” formed two 
months past. 

6-5 

• e 


3 

2(6) (Dum Dum) 

Bed 

6-5 

« e 

4 

3(a) (Kakboro) .. 

Sampled from J mile down to Kalaboro 
sluice (previous char) left bank. 

8>0 

« • 

5 

3(6) (Kalahoro) .. 

4 (Nishantala) . . 

Sampled from J mile down of Kalaboro 
sluice (right bank new char) IJft. depth. 

5.76 

• • 

6 

Sampled from newly formed “ char ” 
(right bank). 

4' 73 

■ 

5(a) ( Jaytala) . . 

7 

Sampled from the newly formed *^har” 
at Jaytala left bank. 

17-14 

* 


8 

5(6) (Jaytala) . . 

6 (Moutala) 

Sampled from the newly formed **char” 
at Jaytala left hank fipom 1 J ft. depth- 

7-44 

t • 

9 

Sampled from the bed 

46-25 

•• 

10 

7 (Ohandakhali ; 

Sampled from the newly formed ^‘char” 

41*20 

0-97 mm. 


from the left bank near Ohandakhali 




1 

1 

sluice abouu 1 mile from Dhosa just by 
the side of the **char’’ containing very 




; 

fine sard and clay (from U ft. depth). 



11 

12 

8 (a) (Karampara) 

Sampled from the newly fonned “char” 
at Karampara (left ba^) top surface. 

860 

86-0 

0-124 mm. 

0-106 mm. 

8(6) (Karampara) 

Sampled from the newly formed char 
at ^rampara left bank (If ft. depth). 

13 

8(c) (Karampara) 

Sampled from the newly formw char 
at Karampara right bank from 1} ft. 
depth (1 furlong down to the point where 
only sandy “char” was found) Imile 

10*8 

e « 



upstream of Dhosa. 



14 

8(d) (Karampara) 

Sampled from the surface of newly 

Mostly 

• ■ 



formed “char” at Karampara right bank 
surface (1 furlong down to the point 
whore only sandy “ char ” was found) 1 
mile upstream of Dhosa. 

Sampled from the “char” — ^Left bank at 

clay. 


15 

9 (Dhosa) 

72-28 

d-OSSmm. 


Dhosa sluice (1^ ft. depth). * 

Nil- 


16 

10{<i)(Pe^) .. 

Between 24-25 miles 

j* • 

17 

I 10(6) (Peali) .. 

2 ft. depth between 24-25 miles 

Nil 
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No, SS and few particles of sand, were seen on the elevated portions between 
cKMs-sectiona Nos. SO and 25. To get betta- result the model was, tharafore, 
itin continuously for 300 tides without stop witdi the same quantity of sand 
introduced in the same way and the result noticed at thaend of the experiment. 
It was seen that distribution had been better than discontinuous 400 tides hut 
traces of particles could not be found beyond section 25. 

Hence when after continuous 300 tides no appreciable movement of sand 
was noticed, it was concluded that with the velocity of watt-r in the model 
snd the friction of the model “ bed sand “ was not suitable for bed movement 
ejq)6iHnent. Tie next chdee therefore was cinder. 

CINSEB 

Boiler ash was washed and 6'om the ashes small burnt coal particles were 
collected and dried. They were then broken up into small bits of different 
sises (from powder to 3*6 mm.). Powder and fine particles were then sieved 
off as they move easily in suspension and large sized particles were used in the 
experiments (1 mm. to 3*5 mm.}. 

The quantity of cinder used in an experiment varied from 0-25 cubic feet 
to 4 c. ft. It was injected into the model in the fiirst few cycles during the 
stagnation period between ebb and flow tides. 

.Vfitr about four or five cycles fiom the beginni n g small p&rtioles were 
ibunf 1 to be moving along the bed between cross-section No, 12 and oross-seetdoa 
No, &. Large particles in conridcrablc nvmber were seen moving from deep 
points to deep pciints over elevated portions between them. These particles 
ultimafely tfent into the spill beyond Port Canning. As the number of oydel 
went on increasing (firom about 16th cycle) movoment of larger paiticlcs: became 
less appreciable uud most of the cinder injected remained heaped up between 
oross-seotions Noa. 49 and 46 and with still further increase in the number of 
the cycles (m.ii about 40th cj'cle) there was practically no movement of particles 
in the bed of the river. 

The esperiment was repeated several times with the point of injection of 
cinder changed. But the F«me remit always followed. Accumulation at 
the joint of iiqeotioh contii'ued on every occasion and bed movement was 
only due to particles of low density. As it was not possible to separate burnt 
coal ] articles of this density in good quantity and as coal partic&s of low denoty 
(brown coal) ate not avadable, experiment with cinder for bed movement was 
not continued. ' 



SIVEB UOSTEOt 


m 


MUSTARD SEEDS 

Tht experiment was next tried with mustard seeds. Mustard seed has 
got a lower density than cinder and particles are also uniforro. Definite quan* 
fity of mustard seeds (about 1 seer in 4 cycles in each experiment) wasinjeeted 
into the model at cross-section Xo. 49A in the same way and continuous cycles 
were run. This time the movement was very misfactory in the Matla. 
Duringeveryflow tide the particles easily moved ahead, passed over elevated 
portions, from deep point to deep point and ultimately went over to the spill 
area 1)eyond Canning. The paiiicles did not accmiiulate at the point of injec- 
tion and after about 40 cycles nearly 50 per cent, of the mustard seeds went 
into the spill area the remaining portion being distributed along the whole 
river. But though the movement in the Mathi was good, particles entering 
the Peali were few in number. Moreover ibis entrance into the Peali was seen 
to depend upon the position and manner of injection. As the beginning of 
the model section at the downstream end (49A) was very near to the mouth of 
the Peali, the model was extended further 3 miles downstream (16 feet in the 
model scale) and the position of the gate II was also changed so that it mi^t 
not have any effect on the movement. 

The point of injection of the particles was moved farther down and the 
manner of injection was standardised by dropping the particles from the same 
place in the same way and at the SAime instant (of a cycle). But the regulfe was 
practically 1the same. Particles entering into the- Peali by bed movement were 
not appreciable* Particles which entered into the Peali remained mostly 
within the loop (the quantity entciing the Peali is not more than 1 per cent, 
of the total quantity injected). Those which could get out of the loop were 
. seen to move along the bed very swiftly right up to Peali railway station. 
Particles were seen, after 40 cycles, to form groups between miles 12 and 11, 
miles 10 and 8, miles 7 and 4 and miles 3 and 0 but in none of the groups the 
number exceeded 1 per cent, of the total entry in Peali. Xo particles were 
seen to accumulate between miles 25 and 12. This clearly shows that the poor 
bed movement in Peali is not due to low velocity or high friction of the bed. 
To be sure, good quantity of mustard seeds was injected (about J seer) just 
at the mouth of Peali and the model was run continuously for 100 cycles. It 
was found that the number of particles escaping the loop is not more than 0*5 
per cent, and the result as before followed. 

The natural conclusion, therefore, that can be drawn from the above 
experiments is that there is little bed movement in Peali, and siltation in Peali 
is mainly due to suspended silt particles. 

One inevitable conclusion from these runs that were repeated a number of 
times with various qualities of sand ** injected (about one seer) is that there 
is practically no bed sand movement in the Peali al^ve its junction with Kultali. 
To verify this finding of the model, a number of bed samples were collected 
from tiie Peali river itself duri^ low water of 5th February 1948. This survey 
wae started ftom the Peali railway station and carried down to Dhusa to 



694 THK OBKTUAL BnARTl OB IBRTOATION AKmiAL EEPOBT J9^ 

whicb a nutaljer of “ chars” (islands) were sct'if during low ebb. Below Dbusa 
there wasnti “ uLar ” visible. Two samplea were* collertt'sl from a point l)etwtsen 
miles 2'!:- --25. All these H.aiuplos have been analysed in the laboratory and the 
results given in the 1 able 2 0. 14. The percentage of sand particles between 0*05 
to O'b mm. were obtained And analyssd inthesiltometer. The mean diameter 
for those samples that contained appreciable quantity of sand between these 
limits ate also given in the Table. This analysis shows that expecting for 
samples collected near.about a mile upstream of Dhusa the “ chars ” contained 
fine clay which must have been carried by the flood water in snspensioji. This 
confirmed the findings oi' the model. 

)St!ries 2 Ims, therefore, shown that very inappreeiahle quantity of bed 
sand enters the Peali from the Matla. Hence the danger of a Imml across 
the Peali stopping the entry of bed sand into the Peali from the Malta bed 
does not exist. 

Experiments on series 3 are now in operation. These experiments will 
deal with the question of silting from the suspended particles carried by the 
flood water. 

% 

Experiments so far carried out indicate that no harmful effect is likely 
to accrue to the Matla if the Peali is bunded up at the point proposed. 


(8) MATLA PELAU TIDAL MODEL-ANALYSIS OP DATA (*0 

ABSTRACT 

The statistical analysis of the gauge readings of the Matla at different 
sointe is given here. 

tt Was at first testectVhether the tidal cycles as observed in the prototype 
was being reproduced in the model. Eor this purpose after proper manipula* 
tiou of the gates and the spill area, the model wat! opemted for more than 100 
oyolc.s, keeping th^ month of the Peali open, in order to r^rodnoe the cycle as 
observed at Kultali. The gnugu heights ^laximum and minimum heights 
attained) and the time when these wer • obtained were recorded at three points 
in. the model, viz., Kultali, Basanti and Port OAnnmg 

f ** 

River Researoh twiitute. West Bengal, animal Report 1947 , pages 83 - 86 , 
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, InvefitigfttioRs wte at made lo wLetker the high water levels ami 
kiw water levels a« rveirtHled in ilie RKiilel were coiisisteiit in tliemaelves or 
not, that is, as to whether the same level wsis iiioie, or less fairly well rep®ted 
in the cycles or not. The mean, standanl deviation, and coefficient of varia- 
tion {that is, the percentage that the standard deviation bears to the mean) 
for both high water level and low water level at each of the three points are 
tabulated in Table 2 C. 15. It is found from the table that the coefficient of 
variation wrs below size (that i,®, standard deviation about mean is less than 
six percent, of the mean \'alne), for high water levil and below 10 for low 
water level at all the three stations. Thestandaid deviations are llm.>‘ reason- 
iilily sttiall atid the data might, therefore, be said to be fairly consisreul . 


TxV-BLE 2 t‘. 15 


Ilitjltest nnd hnrent water lereis of die Math Mrnfel with the inoulJi of the. 

Peali opened. 


£?o. 

Site 

' 

1 

Rirer 

stage 

Number 
of obser- 
vations 

Mean 

level 

Standard 

deviation 

Cnefiicient 

of 

variation 

1 

Kultali 

' ' ' 

« 

.. H.W.L. 

m 

. —.1 , , 

0-2146 

0-0102 

- 4-7 


' 

L.W.L. 

’ 

106 

—0*12.92 

t>*0U7 

9-0 

2 

! 

1 Basanti 

• . H. W.L, i 

1 

! ! 

I lOG i 

1 1 

0*2513 

0-0118 

1 

4-6 


! 

Lu W# L. 

104 

i 

-r4)*1142 

1 

, 0-0103 

S-9 

3 

Port Canning 

.. H.W.L. 

i 

107 

0-2573 

0-0113 

4-3 



L.W.L. 

104 ! 

j 

-O-llOl 

0*0065 

5-9 


The me5n values of the high water level and the low water lev^l at Kultali 
as recorded in the actual river, when converted to model scales, are 0*215 inch 
and —0*13 inch respectively, whereas in the model these values have been 
0*2146 and — 0*1297 respectively. The differences thus obtained are very 
small and when tested statistically are found to be not signfficant. The values 
of t, 

dijS«reuc» of means in prototype and model 


staadfod error of the stoM mean 
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are givon in Talili- 2 C'.iC witk tLc Ave per ocnli. srgniiioance Icvftls wlii<A are 
the values of t] tbe ebance of exceeding which in a random sampling is five 
per cent. only. 


TABLE 2 0.16 


■ 

■■ 

Observed 
' va4ueoft 

Dctgree 
of ftwdom 

dptr 

ceni. $rfOi of 
ugoiflmAce 

/ 

High Watev Level 

; 0‘4I 

1 

■ 

j 107 

1 

1-9S 

Low Water Level . 

1 

i 0‘70 

1 

i 

i lOo 

1 

1*911 


As the obser\'ed values of t are much below the- five per cent, level of sipii- 
fieance, the difference betw'een model and prototype levels are not sign^nant. 

The model was then run for over 100 cycles with the month of the Peali 
closed and keeping all other things the same as before. The hi^ water levd 
and low water level as recorded nowr at the three stations were muilaTly 
tested for consistency. The mean, standard deviation and coefficient of 
Variation are given in Table 2 C. 17. In this case also the coefficient of variation is 
below 6 for high water level and below 12 for low water level at all the three 
stations. The standard deviation about the mean may therefore be said to be 
sufficiently bnMll compared to the mean, and the tlata consistent inthemsrive*. 


TABLE2CU7 


Higher and himt water kveU ofilie Math Model m0i the Peali dosed. 


Serialj 

No 

iSile j 

Biver 

stage 

Number of 
ohserva,- ; 
ti^s 1 

Mean 

level 

Standard 

deviation 

CoefOeieftt 
of variation 

1 

Kttltali 

e 

H.W.L, 

112 

0*2409 

fl-OlU, 

d-73 



I 1 .W-L. 

112 

—0*1152 

0-0135 

11-70 

2 1 

Baaant] 

,H.W.L. 

112 

1 0-2321 

0-0137 

4-35 



1 L.W.L. 

111 

—0*1007 

0*0113 

IMO 

3 

J Port Canning .. 

! H. W. L, 

1 

I 112 

0-2333 

0-0105 

3-04 


1 

j L.W.L. 

\ 

j 110 

.. -0-1030 

0-0080 

7*41 





hiYer cowi'aoi:. 


tun 

itisiouud tL/it after clo^'wre uf tbp iooatb of tb.* Pcalitbe high Tratfiibtvfel 
biu on un average betR iai&-jd by i^aEua !iiacnui.T. ciz.. by 12 pet cent, at all 
tbf* three tdtea, v!^., Kultali, Basantiand Pott- ('lamung. The signiScanoe of 
thcio rises has been tested by Fishers <, which is the iliffbrenee bet-wewi ths 
values of the variates eomparetl, scaled agbinst an estimate of the standaid 
devntion : — 





degree of freedona^Vi-i-iJg— 2. 

whet« i:i and are the means, and at are the stoned deviations, and and 
are the number of observations of the vamtes campored. The calcined 
ralnes of Fiaher’a f are ^ven kn Table 2 C.18. 


TABLE 2 C. 18 



It is found from the above that the values of # obtained here are much higher 
c^n the five per cent, significance levels, so that the difference (that is, the 
rise) is very highly significant. 


After exl&moH of the tuodel . — The model was extended at the lower reach 
and the spill areas adjusted in accordance with the revised gauge levels of the 
prototype. After the extension, similar reproduction of the tidal (grele in 
the model was attempted. Results*of rmining the model for 100 cycles with 
the mouth of Feali open and for ICO eyele.s after closure of the Peali were 
statistdoalh analysed in the same way. To test for the eonsistency of the data 
the coefficient of variation has been clacukted for H.Wi. and L.A\'.L. at each 
of the pomts of observation, vit., Eultali, Basmiti, and Port Canning. Tables 
2 G.l 9 and 2 0,20 give these coefficients of variati(«i (percentage ratio of the mean 
to the standard deviation) for the model before and after the ctosare of the 
Peali, 

It is scon from the tables that the coeffiejent of variation is below five for 
high water level and below 7 for the low water level at all the statiems b^oie 
the closure of Feali and below 4 for the high water level and below 6 for the 
low water level after the closure, which shows that the levels have been fairly 
repeated all the time. 

The diilerence (that is the rise ox &11) of the maximum (or' minimnm) 
levels before and after olosore of Peali have been tabulatcwi in Table 2 0.21. . In 
this ease it is found that there has been a ognificant rise in the high water level, 
the amount of rise being 7 per cent, at oil ^e stations, while in the ease of 
low water level there has been a foil by 8 per cent, at Eultali and sx per cent, 
at Baaantii, both the folk being highlp significant, while at Port Oannmg thw 
lower water level has been raised by a very small amount (not ^poffleant),. 
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Tlifflifsl and loimt wal&r koels before cloning of the Peali in, the extended model- 


eriill 

N"o 

1 

Site 

Kiv’er 
•stage ! 

< 

Number 
of obser- 
vations 

illean 

level 

Standard 

deviation 

OoeMcient 
of variation 

] 

Kill tali 

1 

H.^y.L. 1 

10(1 

0-1095 

0-0079 

3*96 



W. L. 

KM) 

— 0-J227 

0-0087 

7-09 

2 

Biirtaiiti , . 

H.W.L. 

i loo ' 

! 0-2I7S 

0-0095 

4-36 



J/. W, h. 

I b)0 1 

; — 0*1208 

0-0005 

5-13 

3 

PnrL Cannlncr .. 

■ ir.w.L, 

^ 10(1 

0-2000 

I 0-O007 

2-58 


1 

j L. W. Xj. 

1 lUO 

— o-]o:i9 

j 0*0044 

4-23 


TAP>LE2(V2() 

IligJienf 'aid kiiivsl mjjo- Icm-h after timing of the Peaii in ffie ertendcd. nwdd. 


Serial 

No 

Site 

River 
• ■ stage 

1 

Number 
of obser- 
vation 

Mean 

level 

. . . 

Standard 

deviation 

Coefficient 
of variation 

1 

1 Kultali 

. ! H. W. L. 

j • 100 

0-2133 ! 

0*0071 

3-33 



1 L. W. L. . 

I. 100 

—0*1324 

0*0077 

5-82 

2 

Basanii 

; 1 H. W. L. 

' 100 

0*2333 

0*0006 

2- S3 

* 


; L. W, L. 

1 100 

—0-1343 

0-0074 

5-5X 

'3 

Port Canning . 

. I H. W. L. 

100 

' 0*2700 

0-0006 

2*.37 



i L. W, L. 

( 

1 100 

1 

1 

i —0-1030 

0-0057 

1 

5*53 
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DISCUSSION BY THE BESEABCH COMKnTEE 

Introducing item (1) Dr. X: K. Bosk said that lie had consideraLle diffi- 
culty in asF;essmg the silt entry into the spill ehaunol Chaiiflana. -As the 
model was run during rainy season whcn-the water of the Da-moda r canal was 
muddy a set of results were obtained uhicli could not be l epruduced later on 
when silt free water was received. This rlifficulty of caiTviuir out silt experi* 
ments in muddy water might have been oxpcrieucnd.by other workers who 
were rccpiestod to state their experience about il'. 


Ill introducing items (2) au<l (3) Siiiu V. Ib JJov said that the object of 
the model study was to investii:ate. the likely effect oii'thc’ilatla liiver if the 
mouth of Peali was closed np by a lock and sluice. 


For this puT])ose, the model was first pj*oved by the coiroet reproduction 
of all the g«n,uges by various adjustments. The model was them nm for 100 
tides with the mouth of Peali open and also closed with the same sotfuenee. of 
discharge in the nio<lel and the change in the high wat<p* and low waters was 
observed iTie results of the experiment with t]i<» extended inoflel 4 it the 
do^^^^stream end showed that, though the liigh water W(Uit up at all places 
when Peali was cIoscmI, the low water went down. Of course the lowering 
dimii#shed with the increase of tin* iiistaue.* from thi^ downstream and indicat- 
ing that the <‘bb tim(‘, was as if IVali was bunded ii]). The average scouring 
would increase, during the Viilue of the fi(kat velocity and the energy of 'flow 
and of ebb-tide also incr(^ase<l wlien Peali wa.s closed. 


As the problem was oi siltation and siltation was due to (1) 1 .kmI particles 
and (2) susijended purta^les, theb<».d movement was first tak4*.ii up and studied. 
For Ixid particles .Siind was tried at first, ])ut <»veii tliough tin* niodid was run 
continuously for about 52 hours (for 300 iid<‘s) the. Ijcd movement was not 
satisfactory ; of course the velocity in the mochH was not siilficieut for satis- 
factory sand movement. Cinder was tri<‘id next. In this (*ase moveiueut was 
satisfactorv' when the particles were of louver density. But as it was difficult 
to get cinder particles of ap])ro])riate density in a htniiogeiieous mixture, this 
was also rejected. Mustard seed was next examined. Iii this case the move- 
ment was very siitisfactory in Matla but there was little bed movement in 
Peali. Various adjustments were made for 'siind ’ entry into Peali but without 
any result. The bed particles were; therefore, injected at the mouth of Peali 
and the model was run for about 100 titles. It wa.s noticed that most of the 
particles remained confined within.tbe loop just Iwjyond the mouth of Peali. 
But those particles which could g4*t out of the loop moved swiftly along the 
bed indicat'iig that the bed movement in P<*ali was nof dim to low velocity 
on higher friction of the bed. Samples from tJie bed of Peali were, therefore, 
collected and analysf^tl. Tlie analysis also <*onfirm<*d the mod<d fiiwlings 
that theriMvould be ii(» hanii in Matla ^lue 'lo bed movcnuuit if Peali was 
Idoscdup aiwl th<i siltation ill P<‘4in was due ti> suspended silt. ITie study 
with suspended silt was in progress. 
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During discussion Mn. Govutda Eao said that in the Matla— PeaK model, 
its Twtieal exaggeration had been given in order to effect both dynamic and 
similarity. 'Thismodel vras distinguished fixnn others in as much as a 
g 3 od lot of si^t vAs bim^ht by the sea also doling its ebb and flow condi* 
tions. Since the rate of settling of the silt could not be made scalar, one would 
like to know how simflitttde was established in silt densities. 

PMudairt etosad the discrashm and said that the snbject would remain 
on the Agenda. 

Discffnssioir bt the board 

Tsb Seobetaet said that three items were discussed at the Besearoh 
Commitee meeting page 676. There was no resolution. 


(V) Meandbring 

FRELOUNABT KOTE 

Meandering is regarded as a phenomenon of great impoitanoe in 'training 
ikstly because it is beUeved that l^wkdge of laws of meandering would be of 
great value in the prediction of river movements and secondly, because the 
location cf meanders is an important factor in the positioning of training works. 
This sab-head has been on the a^^nda of the Board for the past many years. 
The Board ha < been colkctipg data and a questoinnaiie to that effect was issued 
in 1838. The eUgests of the replies received were compiled by C.C. Inglis (®®), 
who also analysed data and eatablkhed relationriiip, between meander len^h, 
meander width and discharge (^). Mr. Inglis also did experimental work on 
the subject ^). 

It is now understood that Sir Claude Inglis has included a chapter on the 
subject in his book ‘ Hiver behaviour and Control’ which he has written at the 
request of the Oovemment of India and which is at present under publication 
by rile Central Waterpower, Iirigarion and Navigation Commission. 

The following items were discussed at the 1947 Besecarch Coumauttce 
Meeting : — ■ 

(1) Deterioration of the Biver Kultigong. 

(2) Proposed bridge near Shahbad on the Bam Ganga Biver. 

Recent LUerature 

(1) In^ C. C. — ^Meanders and their bearing on river training— The Ins- 
titution of Civil En^eers, Maritime and Waterways Engineering 
Divirion, London, 1947. 


(•*) The Central Board t>f Irr'^at-'on. Animal Tit-jwirh (Trchnitall, 193(1.40, pa{tf», 110-114 

t**) Ornfral IrrigaV'nn and Tjiijfm'p B"war<'h Sfatwn, Forma, Trchn’cal Note Wo, 
12.1938. 

'iSft CratMl Bo*i i of Irr pat-fon, Aimnal Keport (Trclmkal) 1943, page 40. 




H^R COKmi, 7ol 

TRC VEAB’8 WORK 

DSCinSION B7 THE RESEABCSi COHiarE^ 

There w»s no c<)Xitribution on this mihject. and hence no discnssioa took 
|ilae«. 

mSCmiOK BY THE BOASD 

The Secretabt said that there was no contribution and no discussion 
at the Research Gonunittee meeting. 

(vl) TIDAL ACTION TnCLUDINO THAT IN ESTUARIES 

FBEZJMZNARY NOTE 

Ihis sub-head was introduced for the first time in 1945. The foUowing 
items were discussed at the 1947 Research Committee meeting : 

{l) Model experiments for the renval of Matla Peali System. 

(2) Measures adopted to reduce turbulence in the Hooghly river down- 
stream of the knuckle at the Titaghar Jute Mill (Bengal). 

(5) Protecting the foreshore of the *Vnglo India Jute Mill on the 
Hoogh'y river (Bengal). 

Receni Literature 

(1) Allen J.— Tidal model of the Firth of Tay — ^Engineering, Vol. 164, Xo. 
425, September 15, 1947. 

(2) Van Veen .J. — Research of tidal rivers in the Netherlands — success- 
ful combination of theory and practice — Dock and Harbour Authoriy, 
Vol. 27, Nos. 313 and 314, November and December 1946. 


THE TEAR'S W(»tK 

The following items vrevQ discussed at the 1948 Research Committee 
meeting : — 

(U Measures adopted to reduce turbulence in the Hooghli river down 
stream of the knuckle at the Titaghar Jute hfill. 

(2) Tiwlinunary note on the CocluB Harbour Model. 


a) MEijnntES ADOPTED TO REDUCE lUBBULEKCE IN IHE EOGOELT 
SIVEB DOWNSTREAM OF TEE EKUCEXE AT THE TITAOHAB 
JUTE MTTX (35) 

ABSTRACT 

This aot« dasmles Om experaoeats canned out with the ^ : 4r 

too eo 

seala nodel aod the ~ lart-length model o£ the Ho<«hIy to test the 

150 80 

efliels OB the flow conditioiis at the hnuchle at the Tit£«har Jute Mill, o£- - 
(») a seriiQS of Esbnfk, and a (6) rontinuoos sprathxg wa*’. 

(“) Central Watenraye, Irrigation and IfaTigafion Research Rtarion, ' Poona, Animat 
RepOTt, Teohnieal, 19*7, pages 83—89, 
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This f» rt"*"*"** sliotrad that the conditions are so set tliat no practicable solo- 
tion at reasonable, cost appsexs SKiaib]^ 

I-** 


1. EXPEHMEim WITH ISLAMS IN ^ ^ 

Jntrodtalion . — 

Figure 2 ('.28 elKnve the model reaches of I'he model and ^ 

model rf the river Hooghly. In the case of i-he knuckle at Titaghar Juto Mill, 
the “ change-over ” of the flow occurs immediately upstream of the knuckle 
leading to more turbulence downstream and in addition to this, tboro is ^ 



Figure 20.28; —Shotdftg ffie mci4 reach, s of thi Rivtr HoogUy 


throttling of the width of %© river channel immediately down tream of the 
knuckle. These peculiar conditions made the action of a row of piles found 
successful in the case of the Dauhar Ootton Mill knuckle (®®) ineffectm' at 
Titaghar in reducii^ the turbulence and indudng silting in the bight. ' '• >: 


(W) Central WateTwaye Experiment Station Poona, Annual Bepprt, 
page 40a '' 


Teohnical/ 1946 
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Tli 0 pxevions 62p6rIxnoiLtB, {®^) with felands had baen done with the 
object of getting maairnmn improvement of flow downstream of the knuckle 
with the least number of islands. It had been found that a single island ‘ B ^ 
f ndle upstream of the knuckle, attracted the flow on to the right bank, and 
no island upstream of ^ B ^ could be effective in assisting the action of this island. 
It was, therefore, decided to try a series of islands, downstream of island * B 
for attracting flow to the right face of the islands and thereby relieving the. 
concentration of flow at the knuckle. 


The model was laid to the 1939-40 survey and freshet spring tid^ curves’ 
as cWved m the nver on September 23. 1941 were reproductd and repeated 
ten fames ; m each eminent ‘ F ’ sand (m = 0. 20 mm.) was used as bed 
mtenal LineB of flow were observed (after completion of 10 rides) under 
the wo^ TO^faon of ebb tide when the water level at Kdnnagar was 13 ’5 feet 
miwr! V -4 Sill) and the discharge was x 187,000' 

Si conSj’ cmrid not obviously be made undea* 


cnr.- requiremmt of these experiments was to reproduce freshet 

spnng fades as observed in the river on September 23, 1941. For the correct 

carrying the model tidal curves were' 

V^ous poshiions and ahgmnents of small islands were tried to see if the 
concentration of flow could be reduced. The results, however, were not 


island^was constructed in the straight reach upstream of 
fr ^ S- tHus allowing 10 feet draft. 

meZ tr^ "*1^^ “^dlirthep e^- 

mental data were, therefore, not coUected. ^ 

therefore, no single island or a series of islands could be evolved 
eiifog unfavourable combinatfori of 

2. EXPBBfflBNTS WIIH A CONTWUOUS WALL ON THE SHOAL OPPOSITB THE 

BarocKLE 

A con^uouB waU in line with the island was construc'ed with a ^ew 

^"^nS be^e^two islands because such flow made the 

attack on the left bank severe dunng the last of ebb. 

^ ^ ^ 0- S-. t.e., four' fort 

iraJl above hi^ floods. The right side of the 

S «q“valent to 1 in 3 in prototype while the kfb side fetfeg 
the knnclde was given a slope equivalent to 1 in 6, with a v iew to induce moii 

M21CB?*“*** Wsterroyi BxpMjmmt Station, Poona, Ann^ Report, Technical, 1945,' 
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fcoui in tbe li^t compartment by the steeper slope. The flat- slopes would also 
enable the ws^ being constructed out of dredged bed material in the vidnity. 
The alignment of the wall was decided from initial experiments, the first care 
bemg to see that it would not hamper navigation. 

The consixiiction of the continuous wall net only stopped the flow bet* 
wesn islands but it increased the discharge on the shoaL 

The increase in discharge on right side appears to be the result of the 
curvature induced by the alignmeut of the wall. No more ourvature could he 
given to the wall with advantage as the fi.ow did not follow sharper ourvatuie, 
leaving an intermediate region to slack water near the wall, as is dear by com* 
paring Figures 2 C.29 and 2 C.30. 

The more the wall is moved upstream and the wider the euitrance on the 
right side, the more the discharge that is likely to b . drawn towards the ri^ 
biLTtlr ; but both these factors are limited by the existing navigable channd. 

It will be evident that the aim of all these experiments was to reduce the 
1^ diseWge and create conditions favourable for sUting downstream 
of the knuckle. The optimum alignment of the waU as in Figure 2 0.30 was, 
therefore, retested in a large, part-length^ : model, to study the effeoti 

15u oU 

in greater det^. 

Assuming the wall- to be constructed out of the dredged material with 
al<^es of i in 5 and 1 in 3, the percentage obstruction will be 7*6 and 6*7 
. respectivdy. 

The effect on the general t^me of the river would be neg^gible. 

-i i 

8.EICPBH1MKNTS1N KODBU. 

The modd was laid with Londha sand (m = 0*30 mms.) .to the 1939-40 
survey. Discharge of 1 -7 cusecs •= 187,000 cusecs was ^ contanuously 
fci 24 hours 16 days) in all experiments. Water level at cross- -.eotion' 4A 

vw maintianed corresponding to W. L. at Konnagar s 13 * 5 feet alme K. 0; 
D. S. The bed was adjusted at the beginniDg of each experiment to enable fail 
Continuous ebb was run to expedite results, as abnost aU the 
traS observed to occur during ebbs ; t^ was done after caieflil com* 
parison of the effects with those obtained 'with tidal fi.ow. 

Bxperimmds bx model showed that with the construerion 

of the oonriouous wall deporition of the silt downstream of the knuckle was 
possfl^. Conskucrion eff piles near the knuckle in addition to the waD, 
wUBi found to help ibe acrion of the wall and accelerate silting. lU' all the 
«:qprim 0 DtB with the wall when injection of red silt was done, it was foundihsi 
them, sms a tendency of silldng on the left aide of the wall fhemg isba knudde. 

was, therefore, necessary to see whetiier this part near the wall xenudns sflted 
voder tfoU tetkm of two-way flow. 





oiui moved awey from the right bank 
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Iq these ezperixBents the effect of the wall was mainly tested under tidal 
conditions as against under continuous ebb in the previous series. The tidal 
curves for the upsteeam and downstream end of the model and afrthe 'knuckle 
were obtained from the simaltaneous curves observed in the river on Sopteiu* 
ber 23, 1941 and in all experiments these curves were repeated 10 times before 
taking observations. 

Correct bed movement cannot be expected in a model of so low a veorMcal 
exaggeration as jL ; ^ which is unnatural for reproducing curvature ; 
slight difference in flow conditions and general bed movement observed in the 
model, by comparison with the conditions obtained in the A ; L model 

were eliminated by small adjustment in the tidal curves at entry and exit 
(keeoi'tg the conditio s a \d tidal curve in the observation reach near the 
knu'ikle he s me). As the observation and change in water levels at the 
kn rk e • uv> . y the wa 1 is insigniflcant, it is reasonable to assume tiW. the 
same m..i . ' us ment < of tidal curves at entry and exist are sufficient and 
n^cess :r/, wi-h without the wall. 

These experiments showed that after accretion the coiu^tions would 
again deteriorate, resulting in concentration of flow near the Imnnlrlo following 
the shoaling along the left side of the wall which is likely to occur. Thus, 
though initially tl^ wall may induce some silting below the ImtifiMA, this is 
likely to be of little^ lasting good. The conditions at the knnnTrl fl are so set 
that no practicable solution at reasonable cost appears feasible. 

As a purely basic experiment, it was decided to test whether the eontrao- 
tion of the river section following the curve was primarily responsible for the 
formation of the knuckle. 

The 24 ftet couto jr of the knuckle was continued up to cross-section jN'O. 6 
wHa^a the coutiiictiim has taken place, to represent the bank under the pre- 
knuckle conditio' — « de Figure 2 0.31. The bank in the model, five feet 
upf«t.re.;n 2 ; fi' e feet downstream of the knuckle, was construct^ in alter- 
nating I . vers of eaa 1 and day rimilar to the Mulajore borings. 

Figure C. s'lows the li les of flow under continuous ebb when the experi- 

ment WuS started showjrg the concentration of flow at the Imnnklft site. 

After 12 hrnrs of continuous ebb, a slip of the bank occurred at the site 
of the knU'-'Iile due to undetminiig of the sand layers. The material of the 
slip wai removed, as the velocities in model were not sufficient to remove it. 

After 4k' hours of continuous ebb a shape of the bank similar to actual 
knuckle was formed showiig clearly the tendency of the bank to oave at the 
knuckle 4te. 

Th® .object of this experiment was to see whether the kuuoMe at' atoaH^ 
section No. 5A is reformed if the eTiating contraction downsteeam of tite 
knudriais removed. The left bank was, iSbeeefore, cut back, as sltown in 
l?^;ui8 2 0.82, keeping the same bank as bef^. 
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To get the desired width at cross-section No. 6, the width of the channel wa« 
found out frcm the Lacey formula pr=s2’67'v/Q = 2*67V 187,000 = 116( 
feet, as a first approximation, where W is the width of the channel and Q th( 
TnftTiTnnTn discharge. 

The existing width of the channel is 900 feet and so the hank was receded 
by 260 feet at cross-section No. 5 to get the necessary width of the channel. 

Continuous ebb flow was then reproduced. It was observed that there 
was much less concentration of flow at cross-section No. 5A the knuckle site- 
compared to that in the previous experiment. The experiment was continuec 
for 42 hours and no bank slips were observed during this period. 

It may be, therefore, concluded that the ‘ bottle-neck * downstream of the 
present knuckle has contributed towards the formation of the knuckle. 

: The experiments indicated that no simple remedy is possible to ameliorate 
the conditions at the Titaghar mill ; drastic measures such as the removal of the 
‘ bottle-neck ’ contraction downstream of the wall are not practicable, having 
regard to the small likely good and the not inconsiderable expenditure. 


(2) PBEUnmrABT note ok IBS COCBW EABEOBB KOI>£L(«)) 

ABSTBAOT 

, Ghves a Summary ol the problem and the method cd selection of scales for 
fliemodd 

One of the strong reasons advanced in the early days (in 1880) for opening 
up the Cochin Harbour was that dredging maintenance would be light. Being 
a natural harbour with a copious back water (extending over 100 tnilAg N — g 
in length IJ to 16 miles broad, and of great depth) into which some considerable 
rivers ficom the distant Travancore and Cochm lull debouch, it was considered 
that the silt would be wholly deposited in the backwater reservoir so that, even 
in the height of the monsoon, the water flowing out of the principal passage into 
the sea at Cochin would be practically free of silt, precluding the formation of a 
bar. Later Silt observations made in the Cochin gut showed that more silt 
was brought into tiie harbour during the monsoon than was discharged. 

In 1927-29, a sea approach channel to the Port, 16,000 feet long (of which 
4,000 feet was on the east or landward side of the bar) and 460 feet wide, was 
dredged to a depth of 37 feet at Low Water Ordinary Spring Tide, starting 
ftom the 32 feet contour at the western and to the same contour at the eastern 
end of the bar. In the inner harbour, the Mattancherry Channel, mooring 
are, as and the Emakulam Channel were dredged. 


. (3S) Soxilinaxised froiA Central Waterways, Irrigation and Navigation Research Stationi 
Poona, Annual Report Technical,. 1847, pages 91*113. 
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■ Tiere liu been, since 1933, much greater siltii^. As there were two ver 7 
low aminal rainfalls and one low one, all in successions, since 1933, it was 
thought at first that this low rainfall reduced the scouring effect of the monsoon 
freshet, which are usually regarded as the principal force in keeping the channel 
clear from the mud which the combined sea forces (the swell, the fl.ood-tide etc.) 
push into the channel. It has been observed, however, that the entrance 
chaimel silts up as much as nine feet during the monsoon. When, dwpite 
twice the normal rainfall in July 1937 there was more than average silting in 
the approach channel — ^this .was, in fact, the year of mazimxun silting — ^it 
became necessary to discover the cause of this heavy silting so that the Pom 
may know what to expect in the future. 

It was believed that the two most important contijbutory causes Wv-re 
(1) a known and measured movement Southward of the Narakal “ mud-bank ’* 
entering the approach channel and causing inordinate silting ; and (2) an ob- 
served rising of the sea bed to the North of the harbour since 1934, which may 
or may not be a partial swelling and lifting of the bank, or a movement to the 
east of the sea bed to the north-west of the approach channel. 

With regard to (1), it has been noticed that though the prevailing drift 
for sand and shells is unquestionably to the north east and that the co^ 
line north of Vypeen was strengthened and widened by the hard material 
pumped up from the channel, the indisputable evidence, of the resultant move- 
ment of the Narakal mud bank southwards shows that anoth^ force operates 
from the north sufficient to move the mud but not sand. (The southern fringe 
of the mud bank was found, by actual survey on 20th August, 1937, about a 
mile south of the Cochin entrance while it had been definitely north of it 
before). 

A special committee was, therefore, appointed in 1938, charged with the 
following Terms of Reference : — 

(?) What is the force of the combination of forces, which starts the 
Narakal mud bank moving north or south, and continues it in that 
movement after the original cause has apparently disappeared ? 

(?V) Is there evidence enough to justify an opinion being given as to the 
cause of the rising of the mud bottom originating north of Cochin 
Harbour in 1934 ? Could it have been caused by the Bihar earth- 
quake of 15 January, 1934 ? ' ‘ ‘ ' 

(in) Why is there not a similar rising originating south of the harbour 
mouth 1 

(i») Can it be stated, from the answers to the above, and from other 
evidence available, what was the immediate^ause ot the unusual 
' silting in the Cochin channel in July 1937 ? 

(u) Can any suggestion be made as to the possibility of keeping the 
mud bank in its present position, or near it, by a careful programmft 
of diedgfrg operations, maintenance or otherwise ? ■ 
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Various theories in explanation of the silting in the Approach Channel 
and in the inner harbour are discussed in the “ Blue Books ” by Sir Boherl; 
Bristow on the History of Malabar Mud Banb and in the Expert Committee’s 
Bepoit. 

The present position regarding silting and maintenance dredging is 

The Ma'taneherry channel was dredged to a width of 1,000 feet and a 
taming basin opposite the wharf to a width of 1,400 feet. The width of the 
tumii^ basin was reduced about four years ago to 1,200 feet as siltation on the 
western side was very rapid, necessitating dredging three times a year. The 
silting which takes place in the approach channel amounts to between 1| and 
2 millions c. yds. per annum and that in the iimer harbour has about 1^ mil- 
lions c. yds. * 

The maintenance dredging of the approach channel is done by the Suction 
Dredger “ Lord WiUmgdon ” and pipeline in a period of about 4 weeks, in 
January-Pebruary, the most favourable months for pipe-line dredging in the 
sea. The silt which is Jim mud and clay is pumped through a pipeline 3,000 
feet long and deposited in the sea at a distance of approximately 2,000 feet 
south of the approach channel. It costs about Es. 2 hhhs a year to do this 
dredging. 

The maintenance dredging in the inner channel is done by the bucket 
dredger “ Lady Willingdon ” and three attendant hopper barges. The silt 
dealt with here also is^ne mud and clay which takes a very long time to settle 
in the hoppers. Weights of three samples taken from the Mattancherry 
chaimel when the design of the hopper barges was being considered were 73*8 
lbs., 75*5 lbs., and 83 ’5 lbs., per c. ft. In order to obtain as' concentrated a 
hopper load as possible in depositing the spoil at sea the hopper doors are not 
dropped as is the usual practice. The hopper doors are kept sealed und the 
materml is pumped out of the hoppers. The dumping ground at sea is about 
two miles south of the approach channel and about two miles west of the shore 
where the spoil is deposited in 30 feet depth of water. It takes about ei^t^ 
months in the year to do this maintenance dredging and the cost is about* 
eight lakhs of rupees. The ten of rupees spent annually on inner and 
outer channel maintenance dredging absorbs an imduly large proportion of the’ 
total revenue of the Port which is approximately 36 lakhs of rupees. 

The areas in the inner harbour wiieie regular maintenance dredging is 
zeqaited aie:— 

(o) A width of 250 feet at the wharf frontage where dredging is neces- 
sary at least twice a year and often three times, 

(6) The western half of the turning basin necessitating dredging twice 
a year. 

(c) The rest. of the area forming the turning basin which has to be 

dredged at least once a year. 

(d) The mooring areas on the western side of the Mattanoheny ohaunrl 

where dredging is necessary at least once a year. 
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The silting takes place very largely hi -he aonsoon months and although 
it remains to be proved conclaeively, evid -nc? and obiorva^’f'r. .'trcngly 
favours the conclusion that the silt com<'e nifib’y if not wl'ol’y fron: o:tt«ide 
harbour. 

Silt observations made in recent years confirm this. 

There can be little doubt that the fine silt in the sea bed around the ap- 
proaches to the Port being easily stirred up and set in motion in the monsoon 
conditions is carried in suspension on the flood tide inside the harbour and 
deposited in quantity. It also seems a reasonable surmise that the bar which 
existed before the Port- was opened up excluded a large proportion of the silt 
which finds easy entrance now.” 

In 'March 1947, at the request of the Administrative OfiSioer, Cochin. 
prdimimry investigations were taken up. 

A reduction in the width of the dredged channel— not impracticable from • 
point of navigation— was, recommended. It was also suggested that from 
model experiments it might be possible to suggest a realignment and resection- 
ing of the Approach Chaimel, which would minimize dredging, both in 
it as well as in the inner harbour. 

The model is therefore, mainly required ti answer the following questions 

(1) Is the assumption correct that the main source of silting in the inner 
ohanuela and particularly in the Mattanoherry Chaimel is fine silt carried into 
the harbour on flood tides and deposited 1 

(2) Wbat steps can be suggested to reduce the volume of siltmg t In 

this connection it is appreciated that the width of the Mattanoherry Channel 
is too great to encourage a good scouring action. - • 

(3) The model experiments are required to show whether the lequiced 
depth can be maintained alongside and northwards of the wharves in the 
Mattanoherry Channel (where it is the intention to extend the wharf facilities) 
without frequent dredging and what alignment and width of channel is ne^- 
sary to ensure this and to give a satisfactory channel generally from the point 
of view of maintenance. 

* (4) It reqidies to he confirmed that the present site (south of the 
approach channel) where the spoil arising from tiie dredging is pumped and 
deposited is tbe best site to deposit the arisings and also as a dumping ground 
for the hcpper barges from the point of view of the posability of the material 
being carried into the inner harhdur, T^ure 2 C.33. 

. (5) If it is established that the silting comes from outside, weald a 
realignment of the outer approach channel have any effect in reducing the 
amount of silt carried into the inner harbour i 
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(6) Dredging is to be done shortly at the southern end of the 
‘Channel and the tankers berth proposed to be sited as shown on Figure 2 C.34, 
It is required to know whether these berths are sited to the best advantage 
■and whether the tide will run true in this position. 

MODEL SCALES 

^Hien selecting various sc^es of a model it is necessary to soc that the 
flow in the model is fully turbulent, and there is sufficient and similar bed 
movement in the model. The scales of the model are interdependent and 
their implications on various factors wiD now be considered. 


On considerations of the available space, suitable reproduction of all details 

and facility of observation in various reaches «c?., a length scale — was 

1,000 

ndoptea for the pilot model. From the data of Staiiim No. 2 in the Mattan- 
^erry Ohamel ^where silting is known to be occurring — the values of 
Keynold s ifumber obtained with alternative proposals of vertical exaceera* 
tiona, are given in Table No. 2 0.22. 


Mean depth ^ = 24-84 feet. 

w A}4oo 

Lowest maximiiia discharge observed on Match 1940 = 14,881 cuseos. 


TABLE 20.22 



in ooL 6 is tlie disolwtgopet ft. ruaia the aiodeL CoL 7 (Beyaold’s aomto} * 
j, - ww erafaeted sM oming Idnemstte yiscoritTV *• 1*0» X 10*. 


?!tom, Table 2 0.21 itisciearthat a m inimnni V. E. of 40 is required to have 
•» potently Eeynold’s Number. It was, therefore, decided to kvesti- 
gate further the alternative merits of V. E. of 40 and 60 in respect of their 
effects on other^les, bed movement etc., the depth scales with these exageeta- 
^ons bemg, m both c^, reasonably large enough to simulate the prevailing 
tidal Kinge which is three feet only. 








■ BZVSB OONTSOL 


711 


To ffluttre tuibuleaoe, RoTixold’s ctiterion requires A*s 

Nr 30 

greatert]um0*09, where A is the spring tidal range in feel; at the mouth of the 
model ; E is the spring tidal range at the mouth of the prototype s 3 ft ; 
urd « is the vertical exaggeration. 

Thus, with V. B. = 40 

=s 0*021 which is lest than 0*09 ;• 
and with V. B. = 60 

= 0 * 052 wMch is also less than 0 * 09^ 

It \rill thus be seen that, even with V, E. = 50, though the Bejvold’s 

Ntunber is much > 1,800, the value of A^e is still less than 0'09* 

However, Jack Allen (®®) has confirmed the Station experience that “ it is 
highly possible to succeed with much lower values than 0*09 in the average 
case of the irregular and unsymmetrical estuaries found in Nature 

Table 2 C.23 shows the values of 
investigations : — 

TABLE 2 C. 25 


30 


obtained in various model 


1 

Name of Model 

Horizon- 
tal scale 
a 

Vertical 

scale 

y 

Vertical 

exaggera- 

tion 

t 

Spriiig 
Idaf 
range 
m proto- 
type 

‘••A. A 

30 

B 

(«) Reynold’s oto model of 
the MetEsey 

31,800 

960 

33 

30' 

0-001 

H 

(5) Second model of Mersey 

10,560 

396 

26-7 


0-0126 

2 

Thames model by Mr. G. E. 
W. Gratwell 

10,560 

384 

27-5 

im 

()r*001Q3 1 

3 

Seine model by Vernon Har- 
court 

, 40,000 

400 

XOO 

38' 7' 

0-018 

4 

Seyem model by Prof. A. 
H. Gibson 

II 

100 

200 

86 

47-6 

B 

3-8 

0*27 

5 

Bombay Harbour by *Mc. 
Clure 

7,296 

96 

73 

14' 

0-162 

6 

Rangoon Model 

1 

8,080 

192 

42 

1 

16' 

•OlV 


(**) Allen J. — Scale models in Hydraulic Engineering 1947, Longmans Green & Go., 
page 186. 
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Except h the case of the Severn and the Bombay Harbour models,, it 
vrll! be observed, the value of J®€ "^T 0*09 ; but the results 

of all these models are stated to be quite satisfactory. 

'It was, therefore, decided to test the effect of adopting a V. E. of 50 on 
other factors. 

With V. E. 50, other sc^es work out to be as follows— 


Hep^ Scale 
Discharge Scale 


1 

“ 20 

1 

1,000 X 20 X 

1 

89,600 


m- a 1 ^ — Scale 

Time Scale = = — sr-r- 

V — Scale 

— ^ Scale 

V^Scale 

1 , 

1,000 

1 

V 20 
1 

= 228 

t.<., ene jrear in p r ot o typ e =: 88*8 hours in the model ; imd the hon^ il^l 
.period will take S'd miaahes in the modsL 

nOMDIAHT DISCHAB6B OF tms FEBITAR BIVER 

The maTrimnnn d^harge of the Feriyat Biver be 3 n>nd the tidal reach is 

40,000 cusecs. In the year 1924 the maximum discharge ever was, however, 
about 80,000 cusecs. The dominant discharge may thus be assumed = 2/S x 

40,000 = 26,666 == 27,000 cusecs (approx.) not considering the abnorm^y 
hi^ discharge. The average discharges of the Feriyar through the Feriyat 
mouth is 20,000 cusecs. 
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SILT CONTENTS OF THE FEHlyAR 

Table 2 CM gives the total discharge in cubic feet and the quantity of 
nit in cubic feet as observed at the mouth of the Periyai in 19i0. 


TABLE 2 CM 


Serial 

No. 

Date of hours of observation 

Total ebb ' 
dischaige in 
cubic feet 

Quantity of 
snt in cubic 
feel 

Average silt ebaige 
in cubic feet per 
cubic foot of water 

■ 

3 P.H. on 5-7-40 to 5 p.ic. on 
6-7-40 > • • « • • 

4,380 X 10* 

874,800 

0*000199 

2 

11 A.U. on 22-7-dO to 1 p.u. on 

23.7.40 

3,824 X 10* 

135,000 

0*00035 

3 

12 noon on 2-8-40 to 1 p.h. on 
8-8-40 

4,996 X 10‘ 

523,800 

0*000105 

4 

11-30 ▲.!£. on 23-8-40 to 1-30 
P.1C. on 24-8-40 . . " 

4,239 X 10* 

1 

315,900 

0-00074 

5 

11-30 P.1C. on 6-9-40 to 12-30 
P.M, on 7-9-40 

1,369 X 10* 

24,300 

*0-000179 

6 

11-30 A.u. on 4-10-40 to 1-30 
P.M. on 5-10-40 

2,004 X 10* 

410,400 

0-000206 

ifea»,=0-000106 


The weight of one cubic foot of Periyar 8ilt=80 lb. The silt contents of the 
Periyaj will, therefore, be 

®22L2:22®15?x 1,000 = O-IS part per 1,000 by weight. 

62*4 

AgHiiiwing the fiame silt charge in the model, the quantity of silt required 
fo5 6 hours wodking-day in the model ^ 

— 0*224 X 6 X 3,600 X .62*4 X 0*000106 

gw 32 Ib’ » 0*4: SpsA. 

As an iiidicatiop whether the motion of water in the model will be tur- 
bulent, J. Allen (**) suggests the criterion vie., 

y should not be greater than 20 (v E) ^ , where « is the maximum cur- 
rent velocity in knots during flood tide (usually occurring at about h^-tide) 


(<*) AUea S : ‘ Soala Models in Sydiaiilio Engmeering, ' Ui7, pai[e S79. 
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H the mean depth in the channel and y is the vertical scale. This offers, 
according to him, a reasonably safe check upon the chosen vertical scale from 
the aspect of turbulence, especially if « and E relate to neap tides. 

At^the mouth of the estuary at Gcoss-Section No. 1 the following observa- 
tions are available regarding water level and discharges during Non-monsoon 
and Monsoon Neap tides. 

Non-monsoon neap tide on March 15, 1940. 

On half flood tide, water level = 2*1 feet above low water ordinary spring 

tide. 

Discharge ='10,000 ousecs. 

Area of crosa-aection No. 1 at L. W. 0. S. T. on March 18, 1940 is not avail- 
able but on April 22, 1940 it was 51,980 sq. ft. 

Assuming practically the same area as on March 15, 1940 the area of sec- 
tion up to 2*1 feet above L. W. 0. S. T. will be 

51,980 + 2-1 X 1,300 

= 64,710 square feet. 

.‘.Velocity 0-18 feet pet second = O-ll knot. 

H = 38-6 + 2*1 = 40-6 feet. 

.‘.20 (« H) = 20 (0. 11 X 40. 6)^^^ 

= 20 X 1-95. = 39 

.‘.y = 20 is not greater than 20 (o i and thus satisfies the crite- 
rion. 

similarly, for monsoon neap tides on September 25, 1940 on half flood 
ride 


Water Level = 1*6 feet above L. W. 0. S. T. 
Discharge = 30,000 cuseos. 
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Area of cross-sectiou No. 1 on. November 27j 19i0 was 54,210 sq. 
Assoming this area on September 25, 1940 tie area of cross-secticKD ^ np 
water level, 1*6 feet above L. 0. S* T# will be 

54,210 + 1*6 X 1,300 = 66,290 sq. feet. 


30,000 
“ 56,290 


= 0*53 ft./sec. = 0*31 knot. 


.'.20 == 20(0-31 X 40-1)^ = 108. 

:.y = 20 is greater than 20 (o 

An analysis of experiments made in strai^t-sided channels of rectangular 
cross-section indicated that the mean velocity of the stream V ft./sec. 
required to move grains forming an initially flat bed is given by 

where £ *= 1'69 for movement of many particles. 


L+B 


— mean dimension of the grains as viewed under a microscope , 


(inches). 


I = length of side of a cube having the same weight as the average 
grains (inches) ; 

o' = specific gravity of material ; 
o = specific gravity of water (say unity) ; 

M uniformity modulus of material ; 
h = depth of water (inches) ; 
and m = hydraulic mean depth of stream (indies). 


-g 
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The follo'wing aie the observations of L and B oadei a microscope of sea 
sand sieved throng 20 meah and Londha sand sieved throng 30 mesh. These 
sands were considered to be suitable for these es^riments and were, therefore, 
anal)sed in detail as shown in Table 2 C.25. 

TABLE 2C-26. 



Leng& of parfdde 

Breadth of p4;rtiole | 

No. 

of 

parti- 

oles 





Sea-sand 

mm. 

Londha sand 
mm. 

Sea-sand 

mm. 

Londha sand 
mm. 

1 

0-04 

0*024 

0-08 

0*023 

2 

0-09 


0*045 

0*046 

2 

0-02 

0*043 

0*017 

0*030 

4 

0*024 

0*030 

0^018 

0-080 

n 


0*060 

0*018 

i Oiow^ ' 

a 

0-050 

0*066 

0*018 

0*026 ^ 

■ 

0-031 

0*036 

0*026 

0*024 

■ 

0 020 

0*040 

0*012 

li 0*023 

9 

0*020 


0*017 

1 0*040 

10 

0*065 

0-061 

0^040. 

1 0*039 j 

11 


0*019 


0*015 

12 


0*013 


0*012 

4' 

Hmh 

_ - 

- 0-041 

0*038 

0*023 

0*030 


/i L B 

0-032 mm. 


* es 0-0012 inch for sea sand ; and 

-r 0-034 mm. 


0-00133 inch for Londha sand. 
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X + 5 
2 


is less than 0*015 inch, as this case, then 



« 0*016 X 


0*023 

0*041 


=s 0*00067 inch for sea sand ; and 
, »».00JS3X^ 


ss 0*00089 inch for Iicoxdha sand. 
For sea sand <r'as 2*62 and 
for Iion^ sand o's= 2t64 
If for both sands = 0*75 
The depth of water in prototype 

== 40 feet. 

= 2 feet in model. 

A A 52000 

“pK*. =? = r-isoj-" 


**oxodel ** 5*0 inches (fonnd out by plotting the section). 


JT 0*0012 \ 

f sea sand *.1*69 


0*44 0*22 0*22 

0*0012 Y X (2-62-1) "x (0-00067) * 


-*^-22 0^06 0*22 
% (0-75) X (24*0) ^ 
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1-59X1-29XI-11X0-2X1-21X1»425 
** 0*88 

= 0‘9 foot per second. 

0-44 


^ ^ . .. / 0-00133 V^X(2;64-1)Q:^^X(0-00089)Q'^^ 

Fi^Londha sand = 1'59 f Q.QQQgg J 


X (0-76) X(24-0)^‘®®X/5-o)®‘?? 

1 -Sgx 1 • 19 x 1 • llX 0-212X 1 *21 X 1 *426 


” 0-88 
= 0*87 foot per second. 

Consideria^, now, the Mound fonmila (2), (given on p. 280 of Allen’s Book) 
for the’^fixst disturbance of the particles forming a[mound of material, namely 


, OA/ < ^0•27,o•27 — 0*27 .0-23 

» =s 1*30 ( 0— ff ) m h 


V (Londha sand) 


_ 1-3 (1-62)°“^'^ (0-00067)^*^'^ (24-0)^*^^ 
(0-7B)^‘^^ 

l*3xM39x0-14x2-07 

0^88 ^ 

= 0*49 foot per second. 

1*3(1*64)°;^^ (0-00089)^*^'^ (24*0)^*^^ 
(0*75)°'^^ 


1-3x1 *143x0*16 


0*88 


X 2*07 


■ ^ 0*526 foot' per sfecond. 

Maamum flood velocity in model 

2*63x1*69 , , 

~ — 4.49 -s ~ second. 
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Sfoximum ebb velocity in model 
2- 93x1-69 
“ 4-49 


1*1 foot per second. 


Table 2 0.26 gives the velocity to move many jartioles, velocity for the 
first disturbance, of particles forming a ‘ monnd/ and the model velocities cor- 
responding to the maximum ebb and flood velocities in the prototype : — 


TABLE 2 0.26 


Type of sand 

V 

for many 
particles 
to move 
feet per 
second. 

V 

according 
to Mound 
formula 
feet per 
second. 

, i 

Model Velocities i 



Ma-TlTYITITn 

flood 
feet per 
second. 

MftyiTnTmri 

ebb 

ieetper 

second. 

Sea-Sand (Sieyed through 30 mesh); 
0*191 mm. 

0*9 

0*49 

0*95 

mm 

Londha Sand sieved through 30 mei^; 
mean dia. ^ 2*04 mm. . . 


1 


Table 2 0.26, therefore, shows that the velocities in the model will be suffi- 
cient to move the bed particles and the vertical scale of 1/20 will be satis&ctory 
from the aspect of bed movement. Both the sands analysed are suitable in 
this respect but sea-sand has been preferred being finer. For the mud banks 
and the mud bed, the original mud banks material from Oochin is pro posed to 
be used. 


Adopting the V. E. = 50 and the depth scale = A, the silt in the model 

should have a vertical motion = ll-l times as fest as in the prototype. 

( 20 )* 

Table 2 C.27 shows this factor in other models ; — 


TABLE 2 C.27 


Name of the model 

Horizontal 

Scale 

X 

Vertical 

Scale 

y 

X 


1. Mersey (Manchester— University) 

2. Rangoon Biver 

3. BiverParrett .. .. . 

4. Severn 

5 . Ues .. .. «• 

7,040 
8,060 
3,000 
8,500 
(a) 5,000 

190 

192 

260 

200 1 
26 

n|9 

6. Great Ouse & Wash. . 

(h) 40,000 

2,600 

100 

41*7 

40*0 

8*95 


In comparison with the first four models, it vdll be seen that a faster rate 
of fall of water-borne silt is required in this model. The V. E., however 
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caimot be reduced to get the rate of fall equal to three times that in the proto- 
type as the important scales like depth scale, discharge scale would then become 
unsuitable. Alum wiU, of course, be essential and arrangements are made for 
re circulation to economise in cost of alum : 

The following scales are. therefore, tentatively, decided to be adopted for 
the pilot model : 


Length Scale 

1,C00 

Depth Scale 

1 

“ 20" 

V. E. 

= 60 

Discharge Scale 

1 

89,100 

Time Scale 

ico 

II 

Velocity Scale 

1 

“ 4-49 


Adopting these scales the tidal curves obtained for the model, corres- 
ponding to the tidal curves observed in the harbour in 1940, will be as shown 
in Figure 2 G.35. These tidal curves are for Stn. No. 1 at the Gut. The curves 
have been plotted assuming the speed of the recorder as one inch of the peri- 
phery in four minutes. 

The tide data is being yet analysed to study the representative tides which 
must be reproduced to simulate in magnitude, order and frequency the in- 
tegrated tidal effect. 

The Survey Eeseaich Institute, Survey of India, furnished a note on th€ 
main features of the tides at Cochin. 

OTBIER BELEVANT FEATUBES 

The coastal currents ^ — ^The coastal currents are supposed to run south 
for 8 months in the year, to be more or less stationary for a month and to run 
north for the remainder. The Meteorological Atlas shows varying speeds, 
roughly in proportion with wind velocity. There is practically" complete agree- 
ment among sailors that the north to south drift has been much stronger since 
1934 or 1935. Notwithstanding this, the sand and shells contiuue to move 
north with the ground swell. 

The opposing force is the south-west swell set up by vind waves before 
and at the beginning of the S. W. Monsoon. 




Figure 2C35:- Showing tidal curves at station No.l Cochin 

Harbour Model 


R«|. No. 17i7 XDD <C»‘ SO- 1,110 (P.Z.0 
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Soundings off GocMn. — (a) from 1835 to 1913 the contours may be 
reckoned eiiher as fairly stable .ox returning to about their normal position if 
temporarily displaced between the dates of charts ; 

(6) at some time unknown between 1913 and 1920 there was a diallowing 
but of no material importance ; 

(c) between 1920 and 1931, the shallowing became obvious specially 
to the north of the harbour entrance ; 

(d) after 1933 or 1934 the shallowing to the north increased, and rapidly 
so in 1936-38 ; and 

(e) on the contrary, 1^ miles south of the Elag-staf^ the contours returned 
&) their original line of 100 years ago, or near it. 

It is of interest that the^ate of shallowing coincide with the approach of 
the Karakal bank towards the harbour entrance ; the nearer the baxtk the quick- 
er the shallovring. 

Soundings in Outer Ohamd . — ^The depths in the channel before and 
after the monsoon ore given in Table 2 0.28 The most marked difference occurs 
in 1937 when the average sounding for the whole channel vtas the lowest^on 
record except in 1928. 

TABLE 2 0.28 



Measured depths ia outer channel 

Year 

After 
dredging 
average feet 
L. W. 0. S. T. 

After 
monsoon 
average feet 

L. W. 0. S. T. 

Least 

depth 

feet 

L. W. 0. S. T. 

SUting in millions 
cubic yards 

1928 

34*0 

27 

24 

1.26 

1929 

35*9 

32*7 

29.3 

0.87 

1930 

35*9 

32- 1 

28.8 

1.06 

1931 

36-6 

34*1 

31.6 

0.65 

1932 

36.5 

34.1 

31.0 

0.65 

1933 

39.8 

• 

33.5 

30.6 

1.54 

1934 

39.6 

31.6 

29.5 

?.02 

1935 

38.4 

31.3 

29.3 

1.89 

1986 

38.6 

31,4 

29.8 

1.95 

1937 

38.6 

29.9 

28.8 

2.37 

1938 

38.2 

33.1 

30,8 

1.7 

1939 

38.25 

33.4 

30.2 

1.65 

1940 

38.2 1 

33.1 

31.5 
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The data are still mder farther investr^tion. The contraction of the 
model is started. It is fally realised than this model investigation will be very 
greatly complicated by the unique phenomena of the formation, movement and 
the calming effect of the mud banks. The difficulties of simulation of these 
affects in the model will be great bat they can be surmounted, it is believed, 
by suitable model technique andbymakm^ the allowances for model limita« 
tion. 


DISCUSSION BY THE BESEABCH COMUITTEE 


Bao Baeadttb D. Y. Jooleeas introducing item (1) said that in the case 
of the knuckle at Titaghar Jute Mill, the turbulence downstream was due to 
the “ change over ” of the flow occurring immediately upstream of the knuckle. 
In addition to this, there was throttling of the *width of the river channel 
immediately downstream of the knuckle. . The imposition of these rather severe 
conditions made the action of a ‘ row of piles ’ — found suecessfal in the case of 
the Dunbar Cotton Mill knuckle— ineffective at Titaghar in reducing the 
turbulence and inducing silting in the bight. 


^ : ~ scale model, in which the 
60 


Experiments were carried out on a 

oOO uu 

lines of flow and velocity distribution were obtained, and similar conditions were 
then reproduced ^ • y j scale partdengtb and leas exaggerated model 

in wbioh^siltmg and scouting effects were observed with injection of fine silt 
during ebb tide— conditions closely analogous to prototype conditions. 


It was found that a single island suitably located was more effective 
in attractn^ the flow on the right bank shoal Islands placed upstream or 
downstream of this island were found to be either more or less ineffective or 
doing more harm than good due to the changing conditions of the tide, 

Basic experiment to see the effect cf the bottle-neck downstream of the 
knuckle were then made. Widening the river at the existing bottle-neck, 
was not a practical proposition due to vested interests ; but the experiment 
was done to verify the assumption that the severe conditions were partly due 
to this ‘ bottle-neck I These experiments showed that widening the river at 
the bottle-neck considerably reduced the turbulence at the knuckle and the 
knuckle would not have formed but for these conditions. 


Mr. S. T. Ghotankab then introduced item (2) and said that in the years 
1927-29, a sea approach channel to the Cochin Port, 460 feet wide and 16,000 feet 
long was dredged to a depth of 37 feet below low water of ordinary spring tide. 
In ti}e inner harbour, the Mattancherry Channel, mooring areas and the Erna- 
kulam Channel were dredged. Since 1933, there had been greater silting in the 
approach channel and in the Mattancherry Channel, It was first thought that 
tho probable cause pf this silting might be the low rainfall since 1933, which 
had reduced the scouring effects of the monsoon freshetsl In 1937, however, 
despite twice the nonnal rainfall, there was inordinate silting and it became 
necessary to investigate iEitrthei the cause of this heavy silting. 
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After diagnosiiig the cause of silting of the Mattancheny Ohannel it waa 
recommended to reduce the dredged width of the Mattancherry Channel— ptac- 
tioable from the point of navigation— with a view to reduce' the volume of 
sedimentation in this channel duo to its excessive section, pending farther 
recommendationB to result from model studies. ' 

Db. X. K. Bose said that it was stated “ In the river there is generally 
about 10 per cent, of bed load and 90 per cent, of suspended load”. He thought 
this was incorrect and this was exactly .opposite of what he thought was 
actually the case. Had any data b.een collected to show this 7 

Bao Baeadub D. Y. J ooLEEAja replied that this had been worked out from 
cross-sections on the Bhine Biver and someone from China had quoted a 
sim'lar case. He was quite sure that the bed load was of the order of 10 per cent, 
though he cjuld not quote exact reference off hand. 

Db. N. E. Bose then said that he would like to say a few words on the 
subject. The excellent note put up explained the problem well. The model, 
however, would be an extremely complicated one. The following points would 
have to be reproduced in the model : — 

(1) Tidal Flow|and Waves’ 

.(2) Ground swell 

(3) Littoral drift 

(4) Sea wind 

(5) Cyclone 

(6) Bredi water flow 

(7) Sand movement 

(8) Supply of flue clay and its interaction with the soaline water of the 
sea 

(9) Mud bank, its phytical and chemical characteristics. 

It was proposed to use the original material from the mud banks. Care 
tiionld be taken to see that the chemical character of this material did not 
change in transit to the Besearch station. 

Considering the complexity of the problem and the various factors : 
meteorological, chemical and physical interacting, it would have been better if 
the model had been operated at site. Db. Bose as a word of caution said that 
extreme care would have to be taken to see that the mud brought from the 
‘ Mud Bank ’ at site did not change its chemical character during transit 
-which it was lilmly to do. 

Db. N. E. Bose asked whether the cross flow across the nose of the left 
divide wall would not make thb approach to the lock as proposed very unsafe 
at least for country boats ? Extreme care would have to be taken to negotiate 
this approachi 
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DISCUSSION B7 THE BOABD 

The SEcaBTiET said that two items were discussed at the Besearcli Com* 
mittee meeting (page 701). There was no resolution. 

It was decided to retain these items on the Agenda. 



3C. Reservoirs 

pbeldhinabt note 

At the 1946 Research Committee Meeting, it was recommenided to the 
Board that the subject ‘ Silting of reservoirs ’ be changed into “ Reservoirs ” 
with two sub-heads, (i) Silting of reservoirs (ii) Losses from reservoirs. 

In 1947 it was decided that the sub-head ‘ Losses from resetvoirB ’ should 
go under Section A — ^Hydrology, item 6, ‘ Regeneration and losses ’ and the 
following two sub-heads were adopted for the subject head “ ResetvoirB 

(i) Sedimentation of reservoirs 

(«) Capacity Surveys 

. Sedimentation of reservoirs 

PB 'irlMINABYNOTE 

This subject has been on the agenda since 1939. 

A comprehensive resolution* on this subject was passed by the Board at 
its 1946 meeting. This resolution was forwarded to administrations. The 
replies from Sind, Cochin, thO United Provinces and Bombay show that 
Instructions have been issued to the Officers concerned for implementing the 
recommendations of the Board. The Central Provinces, Madras and Ceylon 
replied that due to shortage of staff it was not possible for them to take up 
the work of observations for the present. The Chief Engineer Jodhpur has 
rfdsed the following points: — 

(1) Due to shortage of staff Jodhpur cannot take up the observations 
in accordance with the recommendations of the Board, but if 
information pertedning to measured depths of silt deposit obtained 
by digging the beds of tanks which are dry, the ages of which are 
known accurately, are goii^ to be of value, the Chief Engineer 
would be prepared to obtain these. 

(9) Regarding the advancement of delta into tank beds, he has so^sted 
that the only satisfootory way of recording woffid be by means 
of air photos taken at five years’ intervals over a representative 
series of tanks ; this in his opinion should not be either difficult or 
costiy to arrange. 

*Xhe Oeatial ^oaigi of Lxjgation Joniual, April 1947, page 136. 

786 
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(3) Since there is very little silt in Eajpntana Rivers, yearly measurements 

of silt by levelling or soundings will not show significant clanges. 
He has, therefore, suggested that the interval should be five years. * 

(4) For fladiy rivers silt samph’ng is dfficult to arrange and the 
information to be collected will not commensurate with the cost 
and trouble involved* 


The Board examined the points raised by the Chief Engineer, Jodhpur at 
its 1947 meeting and after discussion decided as follows : 

(1) The information so obtained would be very useful and Chief 
Engineer, Jodhpur, be requested to collect it. He should also be 
requested to ascertain, if possible, the dry bulk denaly of silt, in 
s*t« by kyers in its wet (spongy state) and whether it is possible to 
distinguish the various layers yeafly or otherwise. 

(2) A g^ siggestion which might be adopted for all reservoirs. The 
period between two successive photographs would vary for each 
case. 

(3) The period would vary for different places and must be determined 
by local officers. 

(4) Agreed. 

The publicarion of " Silting of Reservoirs ” by Rai Bahadur A. N. Khoda 
as a Board Publication was also approved. 

^ The following resolution was passed by the Board at its 1947 meeting 
Resolved that all Provinces and States be requested that : 


(t),As an ultimate objective, but for the present, as far as possible 
, at discharge observation sites on main and tributary streams, 
sediment discharge observations, with analysis into principal sizes, 
should be made concurrent with every water discharge observation. 
The results should be correlated annually with erosion intensity 
surveys done by the Forest Department. 

(m) Every proj^t for damming a river system should contain a report 
detealing, in qu^titative terms, the whole relevent sediment data 
and the economics of action required to protect the reservoirs from 
xapid loss of capacity, and the rivers from undesirable regime 
changes. • ® 


Tie Board further recommends that soil conaervation experts be appointed 
from the investigation stage to each reservoir project. 
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In response to this, Jodhpur has promised to give effect to the resolution 
and to supply some data from the Aravally Hills which might give some useful 
information. 

The following items were discussed at the 1947 Research Committee 
meeting ; 

(1) Observation of su^nded load at Dhukwan. 

(2) Relation between rate of silting and rainfall. 

(3) Relations between rate of siltii^ and catchment area. 

(4) A note on “ Silting of Reservrirs ”-by Mr. B. P. Saxena. 

Becent Literature. 

(1) Gottschalk L. C. — Silting of stock ponds in land utilisation proiect 
area SD-LU-2 Pierre, South Datota— U.S. Department of 
Agricultare, Soil Conservation Seirvice, Special Report, No. 9, 
Washington, D. C., May 1946. 

(2) SiltiilgofReservoirs— Central Board of Irrigation Journal, Vol.4, 
No. 2, April 1947. 

(3) Harty V. D. — Silting investigations for reservoirs and dams — ^The 
Surveyor, Vol. 106, No. 2821, February 16, 1946. 

(4) Raja S, P. — Nizamsagar silt problem — The Nizam’s P.W.D.» 
Hyderabad Deccan. 

(6) Malhotra J. K. — Formula for the rate of silting of the El^hant Butte 
Reservoir — Central Board of Irrigation Journal, Vol.J| 6,lNo. 1, 
January 1948. 

(6) Vetter 0. P., Chief Office of River control. Region 3, Bureau of 
Reclamation, Boulder City, Nevada — Silt il^blems on the Colorado 
River— International Commisaon on Large Dams, Third Congress, 
Stockholm, 1948, C7. 


THE ms’s WOBE 

The following item was discussed at the 1948 meeting of the Research 
Committee. 


(1) Rate of silting of reservoirs. 
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(1) BATE OF SmnNO OF BESEBTOIBS (^) 

On& of tiie major questions facing the deeigner of a reservoir is : “At what 
rate will it silt up?” As a rider he might add: “Willi he rate of sOting decline 
with the passs^ of years V* 

For if it does, the effective life of the reservoir might be much longw than 
if the rate of silting remained comtant at its initial value. 

While the rate of silting for a projected reservoir can be tentativdy fixed 
in the li^t of local knowledge, the available data for adsting reservoirs m^ht 
be usefully studied to get some indication of similar behaviour elsewhere. 

The only reliable long term data for the rate of mltmg in a fairly large reser- 
voir appear to be given by Stevens (*). These relate to the Elephant Butte 
Reservoir on the Rio Qrande, which has a capacity of 2 ■ 6 million acre feet. 

The results of ihe surveys of sediments deposited in this reservcir below 
spillway level, as summuized by Stevans, are given in Table 3 0.1. 

TABLE 3 C.l 


Period 

1 

Years 

Cumula- 

tive 

years 

Deposit (thousands 
of acre feet) 

Capacity 

lost 

{%a§eof 

original 

Period 

Cumulative 

Storage began (January 6,1915) . , 

0 

0 

0 

0 

0 

Jan. 1915— Dec. 1916 .. 

1-91 

1-91 

64-0 

54-0 

2*04 

Dec..l916— Aug. lt20 .. 

3*67 

5-58 

86-0 

140-0 

5-40 

Aug. 1920 — ^Aug. 1925 . . 

6-00 

10-58 

91-7 

231-7 

8-78 

Aug. 1926-Apr. 1935 .. 

9-67 

20-26 

133*5 

365-2 

13-8 

Apr. 1936 — Sept. 1940 . . 

3-60 

26-76 

60-6 

415-8 

16-8 


Stevens plotted ‘the capacity lost’ against ‘cumulative years’ and noted that 
‘ the rate of deposition in the reservuir appars to have been decreasing materially’. 
Somewhat curiously, however, he concluded that there was ‘ insuffioient 
evidence to warrant the adopidon of other than an average linear rate of filing.’ 

As the above did not seem to be quite consistent, the data w^ re-aiial^»d 
n the Institute. 


(^) East Punjab Irrigation Bieaearch Institute, AmritBar, AmnuLl Keport, 1947, pages 21*23. 

(•) Future of lake Mead aud Elephant Butte Heseiroirs, Proceedings of the American 
Booiety of Civil Engineeits, Volume 71, No, 6, 








C^inulAtlve set^iment deposit ^ysTbontftod Mre 
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The ‘cumuktive depoat’ -was plctt-d agamst ‘cumulative yeare’. All the 
BIZ observed points seemed to lie on a smooth curve, and the adoption of the 
linear rate of filling did not, therefore, seem justified. 



Kgure 3 C.i 

The equation of this curve, Tigure 3 C.1, was found to be {pven by the 
formula. 

907*!b , .. .. .. .. (3C.1) 

■ “ aH-30-4 

where y s cumulative sediment deposit, in thousands of acre feet, and 
number of years since January 1915. 
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The values givet by Equal ion (3C. 1) ccmpartd as given in Table SC. 2 
with the actuals 


TABLE SC. 2 


ChimnlatiYe years 

OamTjlative deposit 
(thousand acre feet) 

Observed 

By foimnla 
(3*1) 

0 

0 

0 

1*^1 

54*0 

53*6 

8*68 

140-0 

140*7 

10*68 

231*7 

234*2 

20*25 

365*2 

362*6 

26*76 

415*8 

415*9 


Considenng tha+ the observations covered a period of 26 years, the fit would 
B&.m to be very dose; 


The rate of silting was obtained by differentiating Equation (SC. 1) as 
dy _ 27,670 

dx "{»+30'4)“ ■ •• 

- ■ Obviondy it has been decreasing very appreciably with time, a period of 
26 years serving to reduce it from the intial 30*0 to 9 -0 thousand acre feet pet 
annum. 


While it need not be concluded from this one example that the rate of silting 
of a r^rvoir must inevitably decline, as time passes the necessity for periodical 
capacity surveys on all large reservoirs both existing and projected and careful 
analysis of the resulting data should be fairly obvious. 


It would be of interest to learn from the engineers in charge of Elephant 
Butte Beservoir, whether any survey has been carried out after 1940, and if the 
results thereof satisfy Equation (SC. 1). 

Up to January 1948, the cumulative deposit according to this formula 
should be 472*1 thousand acre feet. 
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DISCUSSION BY THE BESEABOH COEOnTTEE 

Dr. J. K. Malhotra introduced tlie item and said that as the note had 
already appeared in the Central Board of Irrigation Journal he would in his in- 
troductory remarks touch only one or two salient points. The study was under- 
taken before the partition of the Punjab in order to get some idea whether 
the rate of silting of reservoirs changed with time. No data were available for 
Indian reservoirs. Therefore he examined American data and the only available 
data for a long period for a fairly big reservoir were those for the Elephant 
Butte Reservoir ” figures which were available right from the beginning in 
191 6 upto 1940, i.e., for a period of 25 years. Mr. J. C. Stevens, President of the 
American Society of Civil Engineers wrote an article on this in the Journal 
of the Society for May 1915 and therein stated that a linear rate of silting 
appeared to be borne out by the data. It appeared to the speaker that the rate 
of silting declined with time and so he had worked out a formula which fitted 
the data \ery closely and showed that in these 25 years the rate of silting 
had gone down from 30 thousand acre feet to 9 thousand acre feet per annum. 
From this one case, one should not, however, conclude that in any other case also 
the rate of silting would decline with time. That depended on the local factors 
whicn existed and a very careful study of each irdividual case was necessary. 
He thought that they would have to ask the Americans whether the formula 
evolved by him applied to the Elephant Butte data subsequent to 194-0. 
In the fiiture reservoirs and any of those at present existing, capacity 
surveys would have to be duly carried out and recorded so that tney had some 
information whether the rate of silting declined with time. This was a very 
important point because if the silting declined with time, it affected the 
financial aspects of the reservoir and scheme to a very great extent. 


Rai Bahadur S. D. Khahgar said that capacity surveys had been carried 
out in respect of a number of reservoirs, from time to time in India also, and 
enquired whether these surveys also showed this decline in rate of silting 
with time. He also enquired as to how the measurements of suspended silt 
correlated with actual silting of the reservoir. So far they had devised no means 
of measuring bed silts. TOiey had information only on the suspended silt. 
Could observations on the rate of suspended silt be correlated with actual 
rate of silting the reservoir would be very useful ? 


Mr. S. L. Malhotra said that in the Punjab, they did some analysis for the 
Otu Reservoir in Hissar district. It was a very desirable thing to measure 
and find out how much silting had taken place and what were the practical 
difficulties in the process ; whether it was done by actual surveying or contour 
surveys etc. The analysis of data for Otu Reservoir was actually being done by 
Dr. Malhotra who would say something on the subject. 

Mr. “T. S. Yenxatarama Iyer enquired as to how the measurement of 
silting was actually done in case of Elephant Butte Reservoir— by c^mtour 
survey or by some other method. 
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Rai Bahadub M. C. Bijawat said liLat they had a reservoir m Bimdhel- 
khand, constructed in 1910-11, and he was incharge of that for about four or 
five years. He was asked to carry out the survey during the rains to measure 
the amount of silt in suspension. Later in March or April the reservoir was 
dewatered and an actual survey of the silt deposit was made. With these two 
results the life of the reservoir was calculated for nearly 50 to 60 years at that 
time. Since then, 30 years had passed. He did not think the reservoir had 
lost even one-third of o riginal capacity. Hence with the passage of time, the 
rate of silting in the reservoir had decreased. 

After all the slopes in the bed of the river must change after the construction 
of the reservoir and that should stop first of all the silt yet to be collected 
in the reservoir, and the amount of sUt carried from the catchment should also 
decrease with time and change of configuration. It required a quantitative 
analysis, and he presumed enou^ data would be available for the purpose m 
India. Most probably some such surveys had been done in Madras whose data 
should be analysed. 

Mv- B. P. RAVTiiTT A said that several surveys had been done in United 
Provinces and the results recorded. He had mentioned the same in the 
Research Committee meeting in the previous year. The formula could only 
apply to a particular reservoir. Of course, it depended on the percentage 
of runoff and storage, and so many other factors. It mi^t be very useful 
to try this formula on other reservoirs. 

The Sboeetasy said that he wanted to make one or two remarks regarding 
methods of doing capacity surveys of reservoirs. On this subject, last year, 
instructions were issued by the Board to provinces. They proposed to issue a 
publication from the Board on the silting of reservoirs. They were going to get 
all the data that had been collected so far from the various Provinces ; mostly 
U.P., C.P., Bombay and some states. Unfortunately there was no correlation 
between the suspended silt and bed silt. In any case the methods 
of determining the suspended silt were in a state of development. They were 
going to issue certain standards now for their own use. 

Db. R. 0. Hoon said that he thov^ht it was a very valuable conclusion 
that Dr. Malhotra had drawn. It seemed that the density currents which were 
formed in such reservoirs might be one of the causes of decreased rate of 
siltang with time in those reservoirs. 

Sakdab Baeadttb Sabot Siege said that he thou^t the most unportant 
ftiotor was the change in the density of the silt. The density of the lower levels 
went up and that was the chief cause for the decrease of the rata of silting in the 
reservoirs as years went by. 

Tee Ceaibmae (Rao Baeadub A. R. Veeicataoeabi) said that the sub- 
ject was a very important one, and they could not yet say anything one way or 
the other. It mi^t be that this particular reservoir showed a gradual reduc- 
tion in the rate of tilting and it was very probable it mi^t be so generally in 
all reservoirs. It mi^t possibly also be that after a certain number of years 
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detailed study of Dr. Hoon’s suggestion they mi^t leam that the density current 
were directly rer^nsible for this. They should collect more data and analyse 
■whatever data were available before they could draw any useful conclusion. 
Even in ■ihat one case, it was rather difficult to follow the other features of the 
catchment etc. He did not recollect at the moment whether it was a regular 
earth dam with a hi^ level escape or it was a masonry dam. All these factors 
would have considerably rele'vant to the results which had been analysed. 
The original proceedings of the Institution of Oi'vil Engineers would give all 
that information and unfortunately no action had been taken in that line at 
any great lengtL 

Db. J. E. Malhotba referring to Bai Bahadur Ehangar’s query regarding 
suspended silt and bed silt correlation said that there were not enou^ data 
avi^ble to establish the correlation. It ■was much better to go throu^ ihe 
data which were available and then see whether there was decline or 
not. Once they had established that that was applicable to a particular 
reservoir or generally, they could go ahead. One of the reasons why they had 
taken the data for that particular reservoir was its fairly big reservoir capacity, 
comparable to the Bhakra. Similar reservoirs mi^t or might not behave 
ia the same way. As regards the Otu Beservoic in the Yamuna Canal Circle, he 
had noted from his tentative analysis that there had been a tentative decline 
in the rate of silting. 

With reference to the point raised by Mr. B. P. Sazena he said that the 
particular formula applied to that particular reservoir. He did not suppose 
that it would apply to aH reservoirs. It might be •useful, however, to apply it to 
other case and see if it or something shnilar gave a reasonable fit to the data. 

Bai Basadub S. D. Ehakgab suggested to carry out investigations 
of suspended silt load of existing' reservoirs and correlate with actual rate of 
silting of reservoir. 

The Seobbtabt relied that the suggestion had been already incorporated 
in the Board’s resolution. 


Sabdab Babadttb Sabut SruGH enquired if the principle enunciated by 
the formula would apply to other cases. • 

Db. J. K. Malhotba replied that it was difficult to say that. It was for 
O'ther workers to examine the existing reservoir data and say if ■the mlting 
declined with time. * 
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DISClTSSIOir BY THE BOABD 

The Secretary said that only one item was discussed at the BeseaTcii 
Committee. There was no xesolntion. Continuing, he referred to the proposed 
C. B. I. PuhKcation on Silting of Reservoirs. The bases of the book were the 
two papers submitted by lUi Bahadur Ehosla in 1941 and 1942. Those 
papers had been compiled into one and brought up-to-date. The second part of 
the book dealt with the investigtions that had been carried out with regard to 
Bhakra, Kosi and Mahanadi, and included data collected since 1942. 


The Secretary then enquired whether Mr. Hardikar, could contribute 
any data on silting of rei^ervoirs in Hyderabad and the life of reservoirs. 

Mr. J. C. Hardikar said that he would try to send whatever was avail- 
able. 


The Secretary asked whether Madras could contribute something. 

Rao Bahadur A. R.Venkataohari said that they had not collected any 
data so far. 

Rai Bahadur C. L. Handa wanted the opinion of the house as to whether 
it was possible to carry out any model experiment on silting of reservoirs the 
phenomenon of sedimentation and as to what happened to the deposits over a 
period of time and what changes did take place. 


Db. H,L, TJppal said that they wished to get out a model of the Bhakra Dam 
on a scale of 1 : 25. The cost of this model was going to be something like 
seven or eight thousasd rupees. He wanted to know whether any useful re- 
search conld be undertaken to study the phenomenon of silting. 

Rai Bahadur Gita Ram Garg enquired as to how the rainfall was arranged 
fox. 


Db. H. L. Uppal said that actually this model was contemplated for study 
on density oorrents and to study silt suspension. The model would be construc- 
ted soon. It would be about 100 feet long. The lake would be 900 to 1,000 feet 
wide, depth firom the lowest bed would be 22 feet and normally it would be 10 
feet. While he was in America he discussed about this kind of model with Mr. 
Savage and Mr. Eatten. Both of them were of the opinion that the model 
might give useful information regarding sedimental deposits, silting of tanks etc. 


In answer to Rao Bahadur A. R. Venkatachari Dr. H. L. Uppal said that 
there wa^no vertical exaggeration introduced in the model. 
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The Fseeident expressed Us opinion that this experunent mi^t give use* 
ful results regrading density currents. The sorb of silt distribution might be 
fotmd out but not the sedimentation analysis. This was because the silt was 
brought by the river flow from all over its catchment. 

Db. H. L. Uppal said that the major difficulty was that in the area repre- 
sent^ the settlemfflit load mi^t not occur correctly. So they had also an 
idea of representing four miles of catchment upstream, leave a few miles and 
then represent another few miles so that the whole upstream reach could.be re- 
present^. 

The Pbesidbht suggested that the whole reservoir was better taken as 
where it ended. The main slopes upsteram, and the main guagea might be re- 
presented to find the load at each slope-; this might give some useful results 
Dflfereut intensities of silt and flow mi^t also he tried ; that would be a very 
usefrd line of approach. 

The Secbetabt -wished that the East Punjab Irrigation Besearch Station 
might as well prepare a programme of their proposed experiments and then 
circulate it to the members and get their ideas and comments. 

R&i BaiCADtiB 0. L. Hahoa said that they were very grateful for this sugges- 
tion and promised to adopt it. 

Db. N. E. Bose warned that one point had to be kept in mind in sack ex- 
periments and that was the rate of settlement of silt in the model and in th-) 
prototype. In the case of tidal rivers too the same kind of difficulty arose. 
The rate of settlement increased in certain cases. It might be necessary to in- 
troduce some sorb of change in the model proposed by Dr. Uppal. They 
need to make use of alum for sedimentation. 

The Pbesioeht agreed to the proposal as the settlement afrected the time 
and the size of the particle. 

Db. H. L. Uppal sadd that they had already considered about this and a 
detailed note submitted for getting the sanclion for this model, contained about 
its use. 

Bai Bahadtjb C. L. Hakpa referred to the work to be done by the Sub- 
committee appointed-foi laying down stardaid of classification of silt. 

The Ohaibmah (Mb S. A. Gadeab-s:) considered the work of the sub- 
committee as of far reaching importance. Some type of silt mi^t not have any 
appreciable effect on the turbines for 100 years while others mi^t do the damage 
in 2 years’ time. Grading of silt with respect to the wateTial of the blade would 
be necessary and tbs velocity in the can^ would also have, to he taken into 
acconiit to ^d whether that silt would reach thefoiebay or not. It might be 
necessary to experiment mid see at various stages of -velocity wbat particles 
were carried forward in su^nsou, and pro-vide for acoordin^y. It di^nld be 
p^ible to obtain a model turbine for experimental purposes. When the next 
big order was placed the suppliers should be asked to ^ve a turbine of 3 h.p. for 
experimental purposes made Qf the smne'Btaterial as -the prototype, 

M21CBI 
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Eai Bahadue S. K. Gxjha enquired whether one would attach much 
importance to the material of the turbine. 

The Chaikmah said that this was important in view of the fac** the material 
emplo 7 ed in maTring turbines generally bore only trade names. 

. Bb. E. C. Hook said that the point that the Chairman had raised was one 
of the aspects of the ^ problem. The other aspect was the filling up of the 
reservoir with silt which was also to be considered. He desired that the sub- 
committee should appredate that silt stations were out of the way places and 
that one could not have the same sort of accuracy at these places which one 
could have in the laboratories. Therefore, while making recommendations they 
might divide up the work in two parts, one that had to be carried out in the 
field and the other in the laboratories. 

The Secbetabt sn^ested that all thew points betaken note of by the sub- 
co3nmittee. 

(ii) Cap^ity Surveys 

FKEUMmaBTNOTE 

There was no item for discussion at the 1947 Research Committee 
Meeting under th's head. 

Reemt Literature. 

(1) Peeehi Reservoir scheme. Cochin State — Chief EngincCT, Coch'n 
Government. 

(2) Lang J. D. — ^The determination of storage reservoir capacity— State 
Rivera and Water Supply Commission, Victoria, Technical BuUotin 
No. 3,1947. 

(3) Inauguration of the King George VI Reservoir Metropolitan Water 
Board — Water and Water Engineering, Vol. 50, No. 622, December 1947. 

(4) Shiam R. — Note on measuring storage capacity of reservoirs — ^United 
Provinces Public- Works Department, Tedmical Paper No. 10. iJlahabad. 


THE YEAR’S WOBK 

DISOnSSlDN BYTHEBESEIABCH COMMITTEE 

There yra^ no contribution and no discussion. 

It was decid^ that the subject should remain on the agenda. 

DZSCD8SIOH BT TEE BOARD 
ITiero was no discussion. 

It was decided to retain the snbject on the agenda. 



. 4 C. Dams and Weirs 


FBEUMINABY NOTE 

The above subject was divided into four sub-heads in 1947, (i) Tnvestiga- 
fcioii, (?0 Design, (lit) Materials and (tV) Construction. 

(i) Investigation 

PRETJMINABY NOTE 

There was no contribution or discussion at the 1947 Research Committee 
Meeting under this sub-head. 

Recent Literature, 

(1) Nevins T. H. E, — ^Earth dams— types and designs — Commonwealth. 
Engineer, VoL 34, No. 6, December, 2, 1946. 

(2) Warragamba dams — ^site selection and pipe lines — Commonwealth 
Engineer, VoL 34, No. 7, Eebruary 1947. 

(3) The Clark dam — investigations and design — Commonwealth Engineer, 
VoL 34, No. 6, January 1, 1947. 

(4) SillR.T. — Exploring dam foundations — ^Western Construction. News, 
VoL 21, No. 8, August 1946. 

(5) Harty V. D. — Site inve^igations for reservoirs and dams — ^The Surve- 
yor VoL 105, No. 2821, Eebrnary 15, 1946. 

(6) Walter, D. S. — Reclamation biggest earth fill dam — Engineering News 
Record, VoL 134, No, 12, September 18, 1947. 

(7) The Hirakud Dam Project — ^hlahanadi Valley development — Grov- 
ernmeut of India, Central Waterways, Irrigation and Navigation Commis- 
sion, June 1947. - 

(8) Preliminary memorandum on tiie unified development of the Damodar 
River, (abridged) Cetnxal Technical Power Board, Simla, 1946, 

(9' Incodel, the Interstate Commission on the Delaware river basin, a 
decade of planned progress 1936-1946 — ^The Interstate Con\mision^ Phil^wiel- 
phia, Pensylvania, 1946. 
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(10) Nevins T. H. 1. — ^Inveetigatioa of dam sites — Commonwealth En- 
gineer, "Vol. 34, Nosr^CLajjd 11, May 1 and June 2, 1947. 

(11) Harty V.D. — Site invesf%ationB for reservoirs and dams— Transaction 
institution of Civil Engineers, Ireland, Vol. 72, 1946. 

(12) Multi-purpose development of Indian rivers — Science and Culture, 
Vol. 13, No. 1, July 1947. 

(13) Musil, Dr. L., and nscheiDr.E. — Situation regarding the construc- 
tion of Arch Dams in Austria— Survey of the Arch Dams existing or under 
constraction. International Commission on Large Dams, Third Congress 
Stockholm, 1948, C8. 

(14) Observations during inq>ectaon of Dams in Service— February, 
March, April 1947. Concrete Laboratory Keport No. C-356— D. S. Deptt. of 
the Interior, Bureau of Beolamaiion. 

THE TEAR’S WORK 

The following items were discussed at the 1948 Besearch Committee 
Meeting : — 

(1) Whirlpools over the Sangam — Aniout across tdie Pennar. 

(2) Engineering Investigations by Dr. E. L. Kao, Design Engineer 
Madras. 


(1) WHI^OOLS OVER THE SANGAM ANICDT ACROSS FENNAR(i) 

ABSTRACT 

Model experimente to study the fotniatio]i*<tf whiripools upstream of the 
left hank of the S angam Ament and its effect on the stability of Ihe anient wwe 
taken UP for study on modd. A 8 -dimensioiied model to scale ^ TiAriimntai 
by verbeal and a part-width modd to scale 255 hoH»>tttn.i by 
yerticalweirecoiistmcied. The part-model was dovdoped from tiie pilot model, 
and the whirlpools wre reptodneed in tiie former. Describes the modd. 

A layout of the Sangam Anicut across the Pennar showing the TnaTging and 
flai^ connections is shown in E^e 4 0. 1. The head sluice of the Kanigiri 
Main Canal is located on the left femk. There is a groyne with its'top at shutter 
crest level, bifurcating the anicut and the undetslnice portions. There is a 
protruding hill on the left mai^ a little ahead of the anicut. The dood water 
approaching the anicut rubs against the upstream face of the hill and is deflected 


(*) Znigatioo R«seac<ji Station, MadiaS) Annual Report 1947, pages 22—26. 
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away frooi the mai^n. Owing to the presence of still pond downstream of the 
hill poweifol whirlopools are generated oommenomg at the nose of the hill and 
extending in a line towards the left end of the anicut and crossing the divide 
groyne which gets submerged. During the 1946 floods, the divide gro 3 me collap- 
sed and a breach occurred to the anicut itself for a length of 400 feet commencing 
from a point 150 feet distant from the end left of the anicut* Model experjpents 
were thereupon taken up to investigate whether the damages were attributable 
to some enxtent to the occurrence of whirlpools and if so to devise reme- 
dial measures. 

For these studies, a rigid bed model with a slight vertical exaggeration was 
indicated. First, a three-dimensional model with a rigid bed to scale 
horizontal and ~ vertical and reproducing the reach 6,280 feet upstream to 
2,640 feet downstream was constructed. The model was intended to serve as a 
pilot model for the study of flow pattern alone. A flood discharge corresponding 
to 810,765 cusecs computed by Freudian scale ratio was passed and the water 
level elevations at points 53 feet upstream of anicut and 605 feet downstream 
of anicut were observed, these being the positions of gauges in the prototype. 
The tail-gate was operated to adju/*t the rear water level to equal the prototype 
value for that discharge. The afflux in the model was found to be 6*6 feet 
against 6 • 5 feet in the prototype presumably due to the lower discharge coeffici- 
ent in the model. This being a distorted model equality of Froud’s Number 
could not be simulated at various points in the model and hence the formation of 
standing wave downstream was incorrectly reproduced. Since the flow pattern 
upstream alone was considered important for the present study, the above 
deviation was ignored in the pilot model. The flow pattern was traced by wool 
threads. The depth being small no distinction could be made between surface 
and bed flow lines. It was decided to choose the stream line intersecting the 
anicut at a point 2,280 feet from the groyne as one boundary and to study the 
problem in a larger scale part-wridth model. 

« 

Accordingly a model to scale ^ horizontal by-^ vertical was designed. 

DESCBIPTIOH OF THE PART-WIDTH HODEL 

The model layout is shown in Figure 40-2. It reproduced the configuration 
of the left margins as in prototype and on the right it was delimited by the path 
of the stream line traced in the pilot model. The reach 5,280 feet upstream to 
2,640 feet downstream was included in the model. The bed was moulded rigid 
and plastered over in cement mortar. The supply to the model was gauge over 
precalibrated weir plates. There was a fore-bay with stilling racks, a tail-bay 
tail-gate and other usual appurtenances. Water level at points, 2,053 feet and 
53 feet upstream and 1,605 feet and 605 feet downstream of anicut were tapped 
and communicated to gar^e wells. The water levels in the wcDs were read 
by pointer gauges with 1/1,000 foot least count. 
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DISCUSSION OF MODEL PEBFOBMANOE 

For arriving at the model discharge to be passed, a few preliminary computa- 
tions had to be made. The discharge through the pctrtion of the river represen- 
ted by the model was assumed to be proportionate to the length of the anient 
represented. Owing to the oblique flow from the fianks this asomption was 
not%trictly correct but it was acceptable for the purpose of the present studies. 
Thus the discharge over the portion under study was taken as equal to 433,000 
eusecs. {6*124 ousecs in model). 

The value of he rugosity co-efficient in prototype was found out from the 
following relationships : — 

g=A.V. (4C. 1 ) 

(4C. 2) 

For A the average cross-sectional area in the reach 3,520 feet upstream was 
taken. 

$=8,10,765 cosecs flood discharge. 

dsHydiaulic mean depth. 

Mean area \ 

~~\Mean velocity J 

i=3‘8 feet/mile (observed in prototype). 

The value of prototype V worked out to 0*01613. 

The value of ‘n’ in model was mmilarly computed. For this purpose a 
model discharge correspoding to 433,000 ousecs of prototype, computed by 
Froudian Law was passed. 

—6*124 cuBces. 

&^=hoiizont-al scale ratio. 


= 200 . 


dr^vertical scale ratio, 


60 . 




Figure 4C. I Showing Sangam Anicut across the Pennar -layout of full model 

, .16 128 4 0 16 32 48 

Sale ts^sisstsi^SBBSSSSSSstimmmmmmmmiBBSSBSBSSSBSi Hundred feet 



Figure 4C.2>Showing Sangam Anicut -layout of part model 

. 12 8 4 0 12 24 36 

Sale issstsssissssbssssssasssbsaBsasss^^ Hundred feet 


Atfg No ::jrxOD|Cj 5&-J2i0(p2o> 


To drain 






Figure 4C.3:- Show/ng Sangam anicut part model 


Reg. No. 2737 XDD (C) ’50- 1 .210 <P.Z.O.). 
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This model flood discharge was passed and idie tail gate adjusted to tnamtam 
a level of -f 114‘8 feet, at 605 feet downstream of anioitt as observed in proto- 
type. For this condition the surface fall was noted and the value of V computed 
precisely in the same way as explained above for prototype. The model *«’ 
was foimd to be 0*01855. 

The water-level upstream of anicut was -f 122 • 35 against -f 120 • 6 in prot- 
type and the surface fall actually attained in model was 13*2 feet/mile which 
represented 3 * 3 feet/mile taking vertical exaggeration of 4 into account, against 
a prototype surface fall of 3*8 feet/mile. The upstream depth in model was 
thus greater than what it should be and the sur&ce fall was mnfib flatter than the 
prototype cemditions. Since the formation of whirlpool is mamly dependent on 
the flow pattern and the depth, the above feature had to be correctly simulated 
for proving the model. The heading up in the model was probably due to the 
lower co-efficient of discharge of anicut in the model. The correct upstream 
water level was, therefore, obtained by uniformly lowering the crest in stage?. 
The surface fall in the model ■was difierent owing to incorrect simulation of 
friction as the following discussion shovrs. 

The discharge ratio should follow the Froudian relationship since the flow 
passes over an miieut which acts as one of the controlling sections. 

( 40 . 3 ) 

where &f=horizontal scale ratio. 

(^ssvertical scale ratio. 

Agm the choice of hr and dr fixes the slope scale, zit, i ssdrIVf. For 
* simulating the fitictional effects throughout the model the discharge 

relationsh^ should hold. 


n, 

nr V, 

AlaoQr L ir 

Wf Vf 

.. 
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Hence in this study the discharge scales vide Equations (4 0. 3) and (4 C. 4) 
^ould be simultaneously satisfi^ if the correct depth and surface fall ^oiild 
be simulated in the model. 





br 




(40.6) 


a/8 . 1 
nr={dr . brY 


(50) 

( 200 )^ 


=0-9696 


(40. 6) 


Actual V ratio maldng use of data computed in the beginning — 


nr— 


0-01613 

0-01865 


=0-9366 


(40.7) 


Thus Mction was satisfactorily reproduced in the model. 

Sa^jerijMents.— The flow patterns were then traced for the M.F.L. discharge 
for the foUowing conditons and are shown in Kgurcs 4 0. 3 (A) to 4 0. 3 (0). 

(1) Groyne and Aniout sound Figure 4 0-3 (A). 

(2) Anient with a breach for a length of 400 feet stating from a point 160 
feet from the left end Figure 4 C. 3 (B). 

(3) Aniout with breached portion and groyne removed— Figure 4 0. 3 (0). 

The whirlpools were predominant in all the oondiiions though they were 
most powerful in condition (3) owing to the concentration of flow through the 
breach. • 

Owing to the vertical exaggeration in the model the whirlpools too were 
more pronounced. 


(2) MGINEISBING INVESXIGAIIOIIS 
by 


Dr. K L. Bao, 

Design Engineer, Madras 
ABSTRACT 

The investigatiom cramected with planning and design of a dam geaegcally 
Qoonpied a long tinie. But this period can be cornddetahly reduced if investiga* 
GOBS axo undectahien hi a systemafle mannor and if tho data roguized and experi- 
ments to acquire Giat data an obaily throughout hi advance the main investi- 
gations im a masonry dam axe Iniafly described in the note. 
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A complete survey of the dam site showing the axis of the dam abutments 
and other features must be prepared. By observations. Sun and Star, time 
azimuth of the dam axis must be detennind. Latitudes and longitudes are to 
be mar^d. Lengths along dam axis must be test-checked two or three times, 
for a miskate found long afterwards will throw out many calculations. 

"Hie Ar^ of the dam site shall be divided into squares of 200 feet or 100 
feet by running hues parallel to the dam axis and at right angles to it. 

The features of the dam, and all other observations can ahvaiTs be referred 
to these standard axes. 


BOREHOLES 

One of the earliest investigations is the determination of depth of sound 
rock below bed level cf the river. Either Ingersal’s Calyx drill or sullivans 
core drills can be employed to obtain cores of two inches. It is considered 
desirable that continuous cores should be taken 20 feet to 50 feet into the rock 
and the ^rcentage of recovery determined. The idea of these cores is just to 
be sure that the rock is in compact mass and is not out of an individual Wider. 


PENETROBIBTER TESTS 

'Where there is a great overburden of earth, penetrometer tests prove cheap* 
er and quicker in determining the depth of rock. The test consists in driving 
one mch diamter rods fitted with conical shoes with a 100 lb. hammer falling 
through 30 inches. The weight of the hammer and its fall may be varied to 
sjut the soil conditions, ^e number of blows required for a foot of penetra- 
tion are imted and give an index about the relative compaction, of overburden 
sous and finally the depth of rock. Thus at Ramapadasagar Dam, the Peue- 
tronwter went ^ugh eaaly in a portion of the river bed for 90 inches while in 
a^th® area with a shnilar overburden of pure sandy soil, it took a number of 
WowB for a foot of peuetratiou for a similar depth. It was easy to see the reason 
for this ftom the configuration of the river. The area in which the Penetro- 
meter pierced easily represents the portion where there is considerable scour 
eaej^ year and the sand is, therefore, in a loose state. It is, however, to he noted 
that penetrometer observations must be confirmed m a few cases by braeboles. 


PERHEABILITT TESTS 

One of the inost important tests that should be done in the invesrigation 
sl^ is vnth a view to find the permeability of the soil so that the water that 
seep mto the excavation can be computed. Unfortunately tests will not 
alone reveal this quanity. ^ Laboratory determinations of permeability, while 
of use as givit^ an approximate idea, are not of much use as permeability in 
place is different from that of the disturbed specimens. Rough estimates 
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can also be made from curves if tbe mecbanical analysis of soil is known* The 
best method is the “ Pumping Test At important places, wells are formed of 

not less than 10 inches to 18 inches diameter. If the depth of overburden is not 
great a casing pipe of 15 inches or 6 inches more than the desired well diameter 
can be driven to the rock, inner casing with slots inserted to form a well of 10 
inches diameter and the intervening space filled with gravel of 1/4 inch to 
S/8 inch. The outer casing is withdrawn. If the depth is more, other methods 
must be investigated. Percussion methods coupled with jetting met ^yith 
complete failure at Ramapadasagar Dam site. “ Reverse Rotary Rig 
developed in America offers an excellent alternative. The apparatus con- 
sists in a three feet diameter cutter attached to a hollow shaft. To start with 
clay is plied for a depth of four feet above the site and water is started on it. 
The cutter started and water pumped out continuously through the central 
shaft. All the time water is maintained at four feet above the ground level. 
This permits collapse of the sides of the hole though it is not lined. The 
small clayey particles are assumed to clog the sides of the holes. The hole 
is drilled very rapidly at one foot for a minute and after the required depth is 
reached time slotted casing is inserted and sides filled with gravel as before. 

I have seen a hole being made with this apparatus in a sandy river bed (in 
Northplat river Colorado) to a depth of 30 feet. 

.^fter the wells are formed deep well pjimps are let down and water pump- 
ed out. Pilzometric wells IJ inches to 2 inches diameter are formed in two 
directions at right angles to each other and radiating out from the well. Depth 
of water sur&ce is noted as the water is pumped out. After some 
hours of pumping, e uilibrium conditions are obtained at which the water 
level remains constant in the well if a constant pumping is maintained. The 
water is measured by notches or measuring tanks. Value of permeability 
is then calculated from the observations. 

Sometimes a reverse process is employed. Water is pumped into the well 
and rimilar observations kept. 

The limitation of the pumping tests is in the fact that the yield may be 
different at other places due to difference in soils and the yield of the well will be 
different when a number of pumps are operating in the area. 

Nevertheless pumping tests give valuable information. It is regrettable 
that no good and successfiil pumping tests have been made even in America, 
the few ones done at Nebraska, Dams’ Dam being unsatisfactory. 

INJECTIONS 

If the over-burden is very permeable, and considerable amount of water 
allowtMi to flow into the drainage there, will be a danger of slides and unsuitable 
slopes to eliminate this danger, it will be necessary to adopt measures so that the 
iniiow of water is less and slopes are stabilised. A number of methods are 
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suggested. Chief among these are, (1) Chemical mjections (2) Bitumen injections 
known as shell Perm Process (3) Olay and cement injections. Of these the last 
-is the cheapest and was said to have been carried out with great success at 
Oenessiat Dam in France and Kenfcuckey Dam of Tannessy Valley Authority 
shell Perm has been employed successfully in Egypt in remodeling of Esna 
Barrage. The particular type of injections depends on the average grain size 
of the material and permeability. 

Dr, Terzaghi strongly recommended Clay injections for Ramapadasagar 
Dam and sugg^ted employing an Austriala expert for this. It is regrettable 
the investigation was not done so far. The cost involved was small compared 
with wealth of information it would have provided. 

GEOLOGICAL MAPPING 

The Geological Mapping of the area and classification of rocks in 
foundation and abutments should be done at an early stage. It is necessai}% 
however, to realise that the surveys as such will not reveal the cemplete story. 
At Grand Coulee Dam-site ir spite of best geological advice a fault was discovered 
only after opening the foundation. No dam has been given up so far due to 
the unsatisfactory nature of the rock. At Davis Dam inspite of best 
investigations during excavation the foundation rock for powerhouse and* 
spillway .was found to be so faulty that a million dollars are being spent in 
grouting operations. 


BIVEBDATA 

It is necessary to obtain complflie data of the river with regard to its 
evatlon discharge and silt content at the dam site and same distance fceio^v 
and above the dam site. It is true that the data to be Teliable should be spread 
over a number of years but still a yea^^s data will be helpful and far bette^^ 
than assumprion. 

COPFEBDAMDAfA 

The diversion of the river during the construction period is always a major 
problem. If the water could be disposed off through side tunnels, it is well and 
good. But if the water has to be let down through a portion of the original 
river itself, a coffer dam has to be constructed to be safe against erosion ^and 
overflow. In the case of Ramapadasagar Dam, it assumes great importance* 
Data required for a successful derign of the coffer dam has to be obtained from 
model and field teste. The hydraulic model tests may give an idea of the scour 
that may be formed and proper alignment of the Coffer dam to induce smooth 
flow. The field teste consist in driving the sheet piles and observing the depth 
to which they can be driverf easily without injuring the interlocks. 
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SOIL TESTS 

If the OYerburden is great, soil test must be doae to determine the type of soil 
and know in advance the stalbiilfey of slopes in excavation. In Ramapadasagar^ 
Dam, the soil tests are so important that the soils laboratory set up there 
and opened by Dr. Terzaghi is perhaps the best equiped in the whole of India. 

WEATHER DATA 

A record of temperature maximum and minimum of dry and wet bulb 
thermometer must be maintained at frequent intervals of the day throughout 
the year. The temperature of river water and its value must also be ’kept. 
The data is of considerable use in calculating the temperature of concrete inside 
the dam and design of cooling arrangements. 

CONCRETE laboratory TESTS 

A complete set of laboratory tests should be done on sand aggregate and 
cement that will be employed. The tes^s will include besides the routine tests, 
petrographic examination of aggregates to detect the presence of deleterious 
minerals such as opal andchallcedany, determination of percentage of flaky and 
Elongated material, soundness specific heat, conductor and diffusivity of 
aggregate and heat of hydration of cement. Tests for concrete must then he 
conducted. The most important is the design of mix for the mass concrete of 
the dam. 

CHOICE OF MATERIALS 

The chief problem confronting the Indian Engineer at present is whether 
(1) to use lime surkhi mortar and build the dam in masonry or (2) to use cement 
mortar and build the Asm in masonry or (3) to use cement concrete entire 
for the dam. The conaderations invloved in this seem to be (1) usage in the 
past (2) availability of lime in plenty (3) anxiety to show employment to the 
masons. But if the dams are to be built rapidly, cement concrete is undoubtedly 
the best. The rate at which it can be laid is 6 to 8 times as great per ^y as 
the rate of masonry construction. But concrete dams involved importing of 
foreign plant and cooling problems. 

There is the question of cost to be taken into consideration. It is argued 
that dam, built with swriAi-mortar, even though has a bigger section, is cheaper. 
As against this, absence of criteria to ensure uniform mortar is a serious draw- 
back -to the use of lime. Built with even indifference cement scores easily over 
. the lime. Whatever might, have been prejudices against cement in the past 
being definitely a national industry it should be employed even if it proves 
lightly costlier. 


That >8, its beat ot hydration should not be greater than 66 at the end of 
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seven days' compared 'with 80 to 90 of normal cements. It is easy to produce 
this type of cement. A little afJmixtiire of iron, an alteration in the relative 
proportions of lime and clay and finer grinding are all the alterations to be made 
in the normal process. As'sociated cement have agreed to do this. 

AGaBEGATBS 

33ie next important material to be considered is the aggregate. It will be 
economical as far as possible to use the aggregates at sites. In almost all the 
r. V, A. dams the rock at site has been criidb.ed and used. While it is necessary 
to examine the rock for any undesirable minerals any type of rock can be 'used. 

It is expected, there may be same trouble in obtaining natural sand at 
same dam sites. Perhaps crushed rock or mined and washed soil may have to 
be used as sand. In such cases modern bo'wl classifi.ers of Dorr Company should 
be considered. 


ABUIXTIIBE 

If cement is being used it is worth-while investigating whether it can be 
replaced by some admixture like su'^khi* It must be admitted that no suriki 
is mixed with cement in America. Nevertheless as surkhi “will be less costly 
than cement in India investigation will be valuable. Some of the tests conducted 
at concrete Inboratory at Madras show that there is no reduction of strength if 
cement is replaced up to 20 per cent by surkhL The effects on durability and 
permeability have yet to be investigated- 

CraCLESrOHS 

Definite procedures followed in diflfernt provinces may be collected together 
and an instructive manual published by the Central Board of Irrigation for 
guidance. 


DISCDSSIOB BY TBS HEjSEABGH COVOfTFim 

Mb. Kuttiam3£U introduced item (1). 

Dr. Rao introducing his paper on Engineering In^ estigations ” said that 
it was essesntial to carry out in a systematic manner the general investigations 
for the construction of any dam before designs were undertaken. These inclu- 
ded a systematic survey of (he dam site showing the dam abutments and other 
features. The standai^ axis should be £xed by dividing the area of the datm 
site into a grid say 200 feet by 100 feet. Referring to bore-holes he empbaeiaed 
that a sufElcient number of continuous cores dbould be taken say 20 feet to 50 
feet into the rock and the percentage of recovery determined to ensure tl^t the 
rock was in a compact mass and that the cores were not from ah iadividiial 
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boulder. He fiutibier ezplaiiied that where there was a great oveBburden of 
earth it was dieaper and quicker to detemiine the depth of the rock by means 
of penetrometer tests as described in his paper. As regards permeabiliiT- he 
said that the same could be worked out from pumping tests. He fearer 
esplained by means of illustrations the worldng of the reverse rotary rigs and 
remarked that these methods were bmng extensively used for well irrigation in 
U. S. A. Rai Bahabob Buawat sdd ^at in connection with the construction 
of tubewells they were carrying out similar tests and furiher added that the 
students ware bang given training in ihis direction. 

D& Bao explained the limitations of the pumping tests and pointed out 
that so far no successful pumping tests had been carried out even in America. 
Ha tiien referred to the remaining items t.e. injections, geological maps, river 
data, coffer dam data, weather data, concrete laboratory tests, choice of materials, 
a^egates and admixtures. 

Bai Bahadxtb G.I 4 . Haeda remarked that Dr. Bao had covered a very wide 
range in his short note. As regards art of drilling tiiis was a tedmique by itsef, 
thou^ it became more a matter for experience in the field. The process involved 
in ea^ case could not be described as it largely depended upon the nature of the 
rock, type of drilling and the type of bits. He stressed that the drillmr and the 
geolqpst both should be at the spot in order to direct the drilling because it was 
of supreme importance to have an exact idea of the bore, the nature of 
permeability of the rook and further that the information regardii^ all these 
should be preserved in a detuled record. Befening to the investigation carried 
out at the Bhakra Dam cite, he said that with the assistance of Dr. Mckell, and 
an American driller they had kept a satisfactory record of the <lrininga and that 
with the help of that data they had assessed the permeability of the rock and 
that Dr. Ni(he11 even forecast that the total seepage would be between 5 
and 10 cusecs. Ek concluded by saying that apprentices should be attached 
with the drillers as they would thus be able to pick up the secrets of the trade 
in a ahorttime. 

Db. Hook gave a short survey of the soil exploratory work which he had 
done at the BBis^d Dam site and said that approximately 10,000 feet of the 
dam consist of about 4,000 feet of concrete portion and the rest earth. The 
latter was to be built in two sections ».e. in permeable and semi-permeable. The 
Soil survey tonasted of maldng a number of pits in the borrow areas. The 
permeabilityofthesoilbadbeeufoundtobefairlylow. Befeningtothe question 
of admixture of svrkhi to cement mentioned by Ibr. Bao, he sidd that he 
failed to understand what useful puipom that admixture would serve as 
iurMi was known to react with fi»e lime of which there was little in cement. 

Bai Bahadxib Yekkatachabi remarked that admixture of 20 per cent, 
of aurlchi and sand with cement was used for the construction of the whole of 
Mettuc Dam. According to him, swhhi bting finer than sand helped in ’mn.Wng 
the mortar denser as it was a better filler.* 

•In two note pertaining to the subject sent subsequently by Bao Bahadur A. R. 
Veakataehsiya it has been stated that tUrUki reacted with fi«e lime rdmed during Wdratohi 
of fletsent andaets diSBientily fitoxn fine sand suggested hy some in plaee ofanftUU 
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Mr. B. B. Hakda enquired whether tests had been carried out to find out 
the strength and whether the economic side of this admixture had been 
looked into. 

Bax Bahadur Yeneatacharya replied that on the econonuc side there 
was an advantage thou^ the question of strength had not been gone into. 
B^rther-moretheMetturDam was not so h%h and therefore there was no 
likelihood of very high stresses developing. 

Mr. B. B. Hakda smd that as the construction of a dam was to be in 
a river bed, sand could almost be had free whereas charcoal and fuel were 
required for the manufacture of svirkhi. £ ven in 1920, the cost of sufkhi was not 
lesithan Bs. 16 per hundred cubic feet in the Punjab. In these diys it wouli 
be in the neighbourhood uf Bs. 30. He therefore enquired us to why mrkhi 
should le added to cement when sand would ter>e the purpose. 

Sardar Bahadur Sarup Singh said that the use of svirhU in the Punjab 
did not prove a success. 

Bao Bahadur Yeneatacharya replied that the sand in Madras was very 
coarse and swrlki, which was finer, was used to replace cement as a binding 
element. 

Mr. Mathrani said that the effect of the admixture of surkhi was to make 
the cement mortar slow-setting. 

Mr. Gulhati drew attention to the admixture called sand-cement where- 
in a percentage of sand was ground with cement to the same fineness. This 
reduced the heat of hydration but did not reduce the tensile strength of the 
cement. 

The Chairman (Bax Bahadur Yeneatacharya) suggested that 
experiments should be conducted on the use of surlhi mortar and the 
economic aspect should also be gone into. He further added that the addition 
of SiirkM, took the place of a filler and probably some sort of chemical action 
took place of which one was not aware of and it would, therefore, be better if 
detailed tests were carrid out. 

Da. Bao smd that though surlM was not bmng used in foreign countries 
as an admixture they were using other admixtures as good as cement. He 
added that in the tests that he had carried out they had used sitrJchi equal to 
one fifth of the cement and had found that the addition of surlhi upto 20 
per cent, did not reduce the strength. 

Bao Bahadur Jooleear said that £^e 22 on page 23 of Madras Beport 
showed the layout of the Sangam Anicut Model. The supply channel was so 
small compart wilh the width of the rivmr and the Anient that the inlet Imigth 
appeared to be toaUy inadequate to reproduce correct flow conditions near the 
groyne. Either the width of the supply diannel shoold have be^ more or the 
inlet length increased. This was important as the lesolts obtmed from this 
model were reproduced in a large part width model. 
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Hr. £uTTiAMifD agreed witib. Eai Bahadur Joglekar’s remarks that 
the supply arraagemeut . were not quite satisfuctoiy. But there were practical 
difficulties in impioving the same and what wa*} possible at site was done. 

It was decided iiiat the subject should remain on the i^enda. 
DISCUSSION BY THE BOARD 

The Sec®etaby said that two items were discussed at the Research Conuni- 
ttee meeting (page 7.38). Item (2) ‘ Engineering Investigations ’ by Dr. K. L. 
Bao aroused great interest at the meeting and then discussions centred on the 
sl^ength and economic aspect of swMii mortar. 

Bao Bahadur Yeheatachabya suggested that experiments should be 
conducted on the use of surMs mortars and the economic aspects should 
also be gone into. There was, however, no resolution. 

Bao Bahadur A. B. Yeeeatacharya suggested thatDewan Bahadur 
N. Govindaraja Ayyangax might like to say something about his experiences on 
the Tungabhadra and Bampadasagar investigations. 

Dewah Bahadur N. Govindaraja Ayyangar said that he had been parti- 
’cularly associated with the construction of the Tungabhadra Project and the 
investigations of the Biunapadasagar Project. Of these the latter had many 
interesting features. The report on its investigations was ready to go to the press 
and would be printed shortly. TheBamapadasagar Dam is across the- Biver 
Godavary neat Plavaram viUage. There the width of the rivCT is about 6,000 
feet between the hills on either side Pigure 4 C. 4 (a) and sho-vTing layout of west 
Coffer Dam. The maximum observed flood disc Wge of the river is 2 ■ 1 million 
CQsecs, and the dam has been designed for flood discharging capacil^ of about 3 
million cusecs. Thebed level of the river is about -{-56 on the right side and 
zero on the left. The ri^t side is practically above water level in the months 
of November to June, left side carries the low water of about 1 ,600 to 2,000 

cusecs. 

The dam was to be of cement concrete using moderate heat cement and 
refrigerated with river water and by other methods. The spillway and the 
bulkhead sections are as in Kguie 4 0. 4 (b). Over the crest of the spiUway 
section were to be erected drum gates similar to those in the Grand Oonlee, 
Boulder, Shasta and other dams in U.S.A. The full reservoir level will 
be -{-198 for the present, and -{-208 in the future. 

The gross capacity of the reservoir at F.B.L. -|- 198 will be 15 ■ 9 million acre 
feet. ' 

The foundation for the dam would be very difficult to be laid. At the 
deepest point it would be necessary to go down about 240 feet below the bed 
levd, to get at solid rock. A lot of borings and soil exploration at various 
depths below bed had been done. These borings and samplings were carried 
out not only to find out the nature of the bed rock but also the nature and char* 
acteristacs of the overburden. There is a hill in the centre of the river with ex- 




Figure4C.4(a)> Showing layout of Ramapadasagar west coffer dam 



Rgure4C.4(l>:- Showing Ramapadasagar dam 

r.cr, W 'ilt/fPlO) 










DAicaija) WKM 


751 


posed bed rock ; therefore it would help to divide the dam into two halves for 
purooses of construction. From the point of view of anchoring the dam m the 
centre of the river, this central hillock would be very useful. It rises upto +133 

and. therefore, stands above the maximum flood level of +90. 

He added that the proposal was to divert the river firat to the left side and 
commence excavation on the right side by forming a Coffer dam. The poftion 
of the Coffer dam adjoining the central hill would be of masonry and it would not 
be difficult to construct it. Towards the right flank too, the difficulty in cons- 
truction of the Coffer dam would not be great as there is a day lens there in the 
over-burden at about 30 feet below the bed. But the central portions of ^e 
Coffer dam where the deep bed comes in formed by driving a series of inter-con- 
nected sheet pile cells to form what is called a cellular Coffer dam. The Coffer 
dam and the slopes proposed for the excavation for the foundations of the dam 
are illustrated in Figure 4 C. 4 (c). After the dam on the right side was raised 
to a sufficient level above the river-bed, the river would be diverted to the 
right side and the excavation on the left side proceeded with by forming 
a similar Coffer dam on that side. 



Figure 4 C. 4 (c) : Showing line of exeavaUon, 


The next Tnnftin difficulty in the exoavaribn of the foundation of the dam was 
the problem of enormous seepage that will be coming into the excavated trench 
throng the heavy overburden conmsiing mainly of coarse sand. They Imd 
carried out certain pumping tests with 6 inches and 14 inches bore wells driven 
deep into the river bed and had taken observalions for the curves of draw- 
down in the a()uifer for different pumpe^es. The results ofthese tests have 
g’vr-n a value of 40 feet per hour for K, the coefficient of permeability in Darcy’s 
foimula <J=hLriI where 

Q=Pumpage in cubic feet per hour. 

E =Coefificient of permeability in feet per hour. 

A = Area of seepage in square feet. 

I =Slope of the draw-down curve at the section considered. 

Based on these results the seepage expected under the Cellular coffer dam 
was found to be the order of 1,000 cuBe<». 
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qnantitj of sand and eaiih quickly from the foundations ofthe dam 'weie the 
most diffictdtpiohlemstobe faced. For such purposes some of the latest 
American methods of dam construction would have to adopted. A good many 
ezcavatois, drag lines and huge pumping equipments might have to be uti* 
Used if t(he work was to be succes^lly tackled. 


He stated that other methods of reducing the heavy seepage from the found'' 
.ation trench were also discussed in the report. For instance, in Amsterdam they 
were able to stabilise the sand and make it impermeable by injecting ‘shellperm’ 
a bituminous product. In SouthFrance they had utilised clay injections witha 
sheet of water glass in the centre. The third method that suggested itself wa; 
by soil freezing. One of these methods might have to be used during construc- 
tion. The clay injection method would appear to be the most economic. 


As regards canals system, there would be a canal on either side of the 
The li^t side canal would he taken at its head through a tunnel 2,800 feet 
long. It would be 450 feet wide at head and 106 miles long till it would cross 
the Krishna Eiver by means of an aqueduct. Part of the waters carried by it 
would be dropped into tbe Krishna for being utilised for growing the second 
crop in an area which already raises the first crop. The canal would be continu- 
ed beyond the Krishna for about 90 miles length . The left canal would be 130 
miles long and would tail into the Yizag Port. 

Diwan Bahadur N. Govindaraja ATVAimAR continuing said that the left 
canal would irrigate about 4-60 lahks of acres and the right canal about 7-2 
leMs of acres besides the 7 ZoHs acres of ^ud crop in the TTriabna Delta. Ibt 
eluding second crop under the new canals and in the Godavari and 'K'TiatiTi * 
Dfltas the total area under the project will he 2 ■ 75 million acres. He said that 
orig^l designs for the dam were prepared in Madras. Six of the Madras 
Eng^eers were sent to America to study the latest designs adopted in ATnaripa. 
The Madras designs of the dam and appurtenances had been checked by the 
International Engineering Oompeny and had also been scrutinised by Dr. 
Savage, as Consulting Engbeet. 

Bai Bahadur C. L. BLahda enquired whether the Madras Concrete 
Testmg Laboratory bad been set up. 

East Ptmjab Lad received equipment for tbe setting up of a laboratory fbi 
Bbe^ and Nangal Projects. They would like to have the description of 
equipment, how it had hwn instalkd and other details from 

Dkwah Ba^^ur N. G. Govindaraja Attansar laplied that thtii 
Wxaatoiy was installed some time back and East Punjab could have any 
information or assistance from them. 

Bai Bahadur C. L. Hahda enquired whether any thou ght had been given 
to the poatibaity of constructing tljs dam m]|;stone masonry with hydiauBo 
lime mortar oonsidetine tbe present shortafie of camant. 



-OAHS Alil> Wta» 


7SS 


VxwAV BAHADTja N, GovEiDABAJA Ayyanoab iu reply said that before 
suggesting the use of lime for such important constructions, lime should be 
Btamdaidisbd. One should ask oneself whether lime had been standardised, 
if not why not. There must be some reasons for not getting lime standardised 
even in these days of shortage of cement. He said that he had great lespeot 
fbr Him or lime turii. Stone lime is highly hydraulic by itself and thnce are 
plaoee where bydrauHo lime could he got cheaply but stiQ cement has row-a-daya 
come to be used on a largo scale. This was because in the case of cement a 
oertahi standard had been set in the Britah Standard Specification, and many 
of the cement factories in India were today able to produce cement of better 
< 3 uality than even that set by the British Standard. He said he had been con- 
verted into the usage of cement only after he had seen the oonstraction of 
Boulder and other dams in America. The peopk in India should leam to do 
things quick. In the R. P. S. they must aim at concreting for the dam at the 
rate of 10,000 cubic yards a day. 

This, they must have to do with hammerhead or whirler crai.os. Similarly 
the excavation of dam foimdation might have to be done by powerful excav- 
tors, shovels etc. One could not expect tc complete this particular dam in 7 to 
10 years, unless one resorted to these methods. His experience of theMettm 
Dam was, that unless the Government completed the project early and tried to 
utilise its benefits for irrigation and power development the pw.ject would 
not pay quick dividends. Indian farmers espedslly in South hadia were still 
conservative and it w'ould take sometime to persuade them to take to irrigations. 

Rai BAHAUm R. R. HAmiA enquired whether the Madras Govemmont 
were doing the work themaelvi s or through some foreign agency. 


Mb. J. C. Habdixab asked whether this project had been s^ill an engineer’s 
dream or had it received that blef sings of the Government. 

Tn reply Dbwax BAEADim N. 6ovnn>ABAJA Avtbkoab said that millions 
of cubic yards of earthwork and concreting had to be done. India had not iOl 
now developed so much mechanically. Our trained men were limited and those 
too did sot know the required technique for such a big job. Th«av were hardly a 
few power shovels here and there. In thoso circumstance he was of the opinion 
that it wa« impossible to do the dam except with foreign aid. There was no 
question about, it. 


Regarding the remark “ engineers dream ” he did not think that it was to. 
The Government had spent about 40 to 50 lakhs on the invostigations of the dam 
and he did not think Government would throw away money, about 40 Jakks, 
for the sake of dreams. He was also of the firm opinion that en^noem dreams 
were invariabiy such that th^ could always devdop into solid concrete xesulti. 
He sincerely hoped that the ir vestigarious that they had been carrying out would 
suocead and that was what Dr. Savage and many other= had said. 
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The Chairman (Rao Bahadur A. R. Vbnkatacharya) said that with 
all these dams the shortage of rice in Madras was so great that even when the 
Rampadasagar would be completed, they still would have a deficit to face. So 
investigation of other projects had been going on. Proposals for two dama oae 
across the Krishna, 800 feet above sea level and the other across Fennar had beea 
put forward. The general width of the river Krishna is a mile and a quarter 
at the dam site it is about half a mile though in other places it is much wider. 
Prom this river they would take a canal through dividing ridge cut*'ing down for 
a distance of miles and drop the water into the PeaBOr which is otherwise dry 
for the greater part of the year. The discharge of the canal would be of the 
order of 76,000 cusecs. When this canal is constructed it would provide water 
for about three million acres of rice crop. 


In the case of Pennar the site of the barrage was in a gorge hardly tWo 
furlong in width, where there was a depth of 100 feet of sand. He woidd try 
to shift the site of the dam a h'ttle higher. The flood discharge of the river 
would be about 100,000 cusecs. The canal was expected to irrigate about two 
million acres. At present aerial survey of the area was being taken. The 
Government of India had kindly arranged for the survey. Coming to the 
question of gurhTii and cement, at the last Research Committee meeting there 
had been a long discussion, ^me work had already been done in the labora- 
tory regarding this. He did not consider that the reaction of swrkTii and cement 
was so simple. As Mr. Handa had remarked there were two point about the 
addition of mrkki to cement. They in Mettor used 20 percent, of mrlchi in 
the cement. The main point was that cement and sand mortar or the cement 
concrete was affected by water in reservoirs. In Sweden and Norway too 
-expenence was that cement concrete and cement mortar -were not good under 
conditions of submersion. Their experience was that upto a dilulnon of 
OMnent by 20 per cent, by mMii the strength of concrete was not affected. 
While one could get the same strength and at the same time save some cement. 
Why not do it, especially now when cement was hard to obtain. Bes’des there 
was* certain puzzolonic action between cement and surMi which had been found 
to bebeneficial to concrete. In the cslae of Lower Bhawani Project they would • 
try to see how &e they could dilute the cem^t content. 

Mb. J. C. TTawutwab expressed his doubts that in such a long canal ^ 160 
wcnld not evaporation losses be so great as to make it'un-ecqnomical. ' 

Bao Bahadur A. R. Ybneatacharya said that since the discharge also 
was very high he did not think on the whole the losses would be great. It 
also depends on the dwharge. 

Mb. J. C. Habdtkab sud that assuming the same average losses as .in piae-.. 
tice, the csnal irrigating lands 150 miles beyond head would not he economid&l:: ' 

Teb Sbcbbtabt said that in the Punjab and Sind they had already eanals 
of that leBfkh ox ersn mute. 
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Rai Bahadur C. L. TTaxda said that in multipmpose projectB if tl»7 
contain a iii gh dam structure and aLo a system of lin^ oanalSj for instance lot 
the Bhakra and Nangal, their experience was that the total use of cement was 
fifty fi,fty fc r the dam and the canals lining. Fifty per cent . of the total <^meDt 
was required for high dams and fifty per cent, was needed for the canals. \ It wot 
very important in vieu' of the limited supply of cement to e:^loTe possible 
avenue.s of saving this precious material and in this connection the use ot 
hy'lraulic I-'mes had been tried. But there were two defects that had so far been 
noticed. One was the lack of standardization and secondly that research 
experiments as well as observations in the field had shoTO that it detenoratw 
in two ways, viz., the surface gets rou^ened and the thing was not hard to the 
extent required. 

Small scale tests had shown that if the lining of lime was treated with 
cement mortar layer varying finm l/8th inch to a maximum of l/4th inch then 
one would have tibe advantages of cement in resisting erosion, as well as saving 
in cement. In this case they esHmated that if they adopted this procediKe 
for their projects, then they would save roughly about 90 lahh bags of cement »-«•• 
on the entire canal lining they use a sub-layer upto ax inchef of Ka/nkar lime 
concrete and gunite it on top ; the object of the guniting was to get extra 
resistance. 

Rai Bahadur C. L. Hahda said that he would be very obliged if Dewan 
Bahadur N. Govindaraja Ayyangar or Eao Bahadur A. R. Venkataoharya 
could give their opinion on the matter. 

Dewax Bahadur 6. Govikdaraja Ayyangar said that for the dam 
cement was essential but for other purposes such as lining of canals e'c., one 
might use anything, lime, hydrauio lime or cement. 

For quick construction cement was helpful. While put^'ing one substance 
over another one had to be careful. Lime requites more aeration than cement. 
Gement can set inside things while lime 'would require aeration. • Also while 
placing one substance over another, if both were suppysed to act together the 
question of differential expansion, had to bo considered. 

Rao Bahadur A. R. Vekkatacharya suggested that guniting be done as 
soon as the lime concrete was finished. He also wished that five per oecet. of 
crude oil be added to the mixture. The waterproofing and other advantages 
had been enumerated in an article in Indian Concrete Journal. 


(ii) Design. 

FSBUODNABYNOIE 

The following items were discussed at the 1947 Research Committee 
Meeting:— 

(1) Stress analysis by method of least work. 

(2) Photo elaf-tic studies. 

(3) Variation of oo-effi<uent of discharge, with resorvoit lavob for firil 
opeaiBg «f shuoM ia Emhaarajaaagar 
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THE YEAR’S WORK 

The following items were discussed at the 1948 Research Conamittee 
Meeting ; — 

(1) Model iavestigations regarding the design of Nagwa Dam* 

(2) Proposed design of Lower Sind Barrage at Ketii for effective sand 
exclusion from canals. 

' (3) Reguktion of the Kotri Barrage — “still pond” or “semi open flew” 
—and consequent height ol pocket gates. 

(4) Uttiramerur Anicut across the Cheyyar. 

(5) Stilling basin for Makmpuzha overflow dam. 

(6) Spillway dam of Manair Irrigation Project. 

(7) hydraulic design of the Nangal Barrage. 

(8) Model experiments on Eangal Weir. 
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(l)»ODm.mfiSlIGATIONSBEaAltD]KGTHE DESIGN OF]rAOWADAH(*) 

ABSTRACT 

Descrbes ezporimeats catiiei out and the results obtained for the protec- 
tion t/l the bed dovstream of the dam. 

Model investigations \rere condncted last year regarding the various types 
of weir crests for Nagwa Beservoii for maariTnuTn flood discharge. The profile 
of a weir finally adopted by the Chief Engineer, Eastern Canals for the said 
reservoir is shown in Figure 4 C. 6. This is similar to one already tested at U. P. 
Research Station vide Drawing No. 19 of Technical Memo. No. 17 with the only 
difference that the crest has futi'hei been widened to 10 feet to facilitate proper 
inspection of the weir. The co-efScient cf discharge for the above profile is now 
found tc be 3 *07 only as indicated in a geometric^y similar model to scale A- 
this resulted in an increase of H. P. L. 856 • 00 for Inglis flood of 68,000 cnsecs, the 
depth over weir crest being 11*0 feet now. 



It was proposed 'ast year that a 4*0 feet deep stepped cistern (•) 90 fset 
10]^ ^h a row of staggered blocks wonld besdeflnate for the protection of 
weir downstream. The Executive Engineer, Mirzapnr Canals, fmind it an 
expulsive proponti^ to the ro± at site to the desired level- As an altema- 
tive, a 14*0 feet high rabsddiary weir at a distance of 64 feet was snggested by 
bun vide Figure 4 C. 5. 


IreigatioB B* Kawh SItation, Report on Beaear.-h progresa dnriag 

StatioB. TaeKaical Utma. He. 17, Bepw» «a 
KawanA pregrM dwdig ISM, Dnn^ Ko. IS, page SR 
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■ A part model of the weir to scale 1/25 was constructed in a 3 • 0 feet wide 
masonry flume. Pea gravel of size | inch, was used downstream for comparative 
study of scour e/c., as a heavier material was required to limit the scour to 
reasonable dimensions. 

The 14 '0 feet high subsidiary weir situated at a distance of 64‘0 feet from’ 
the toe of the main weir gave 12*0 feet deep scour in a length of 80-0 feet. 
This excessive scour was due to the creaHon of a subsidiary fall at the low weir 
with no protection downstream. In view of the investigations carried out last 
year, subsidiary weirs of heights varying from 14*0 feet to 2-0 feel were tried. 
3*0 feet hi^ weir gave a miniimim scour c f 4*0 feet. Next the floor lengths 
were varied from 65-0 feet to 100 feet. The 90 feet long floor gave optimum 
results. But the action cf the bed roller still persisted. A 2*0 feet high baffle 
located at a distance of 40-0 feet from the toe of the main weir considerably 
improved flow ccnditions, the scour was only 1 • 6 feet. However, the stepped 
eirtem referred to earlier was definitely a better device. 

The main weir is 600 feet long. Only 300 feet central portion is the 
deep channel. The natural rock levels on right and left banks are 14-0 feet 
and 22 -0 feet higher respectively than the rock in deep channel. The problem 
to be tackled was to centralise the flow from the high banks on cither side ofthe 
deep channel as M&oothly as possible. This naturally involved a study of three 
dimensional flow. A geometrically similar model to scale 1/36, of the weir and 
the Haramnasa Biver was constructed. The river bed was made up of split 
boulders set in weak cement mortar to simulate the jetting rocks and provide 
for adequate tcughness. 500 feet long river bed immetliately below the weir 
was laid in peagravol to make a comp? rati v( study of the action of falling water. 

No records exist for the floods in the past years for this river. Gauges were 
fixed at certain sites and during the last monsoon three observations for lovf 
floods were taken. Unfortunately, the intensity of floods this year had been 
vary low, of the order of 11,000 cusecs only in comparison to those in the previous 
years when floods upto 63,000 cusecs had passed. The model was ptopeirly 
rou^eiicd to reproduce the above photo-type gauges. After this a stage dis- 
charge curve was worked out for the hi^er floods from the model itself. The 
uaximuia.dowastreom full supply level was found lb be 799 '0 onlyAgamsi 805 
stipulated by tffls Executive Eng^e«. 


Figure 4 0. 6 shows details of proposed protection work downstream of the 
weir. These consist of 90*0 feet wide floor with 3*0 feet high and 300 feet long 
aantral subsidiary weir, and 10 feet high ones both on r^t and left flanks. 

floor is 8te|^^ at the sloping banks on either side. A 60*0 feet wide and 
6*0 feet deep sloping oisten> is provided on both rides below the subridiary weir 
at the ban^ to divert the flow smoothly on to the central channeL Two 
divide walls, each 14*0 feet high, are located below the banks to prevent 
excessive velocities in the centre. This arranaement has worked very satis- 
faetorify for minimiun bed and side erotica downsfereaia. 
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The foUovriog roconuneadat'oiis have been sent to the Executive En^eer, 
Miizapur Canals : — 

(11 90 fe»t floor length to be piovidfd downstream of weir beyond its 
toe. Subsidiary weirs of height 10 fee*, 10 feet and 3 feet respec- 
tively to be provided at the end of downstream floor at the right 
(104 feet), left (172 feet) and ceutral ( 300 feet) portions. In addition 
baiSos of height 4*5 feet, 4*5 feet and 2*0feetto be provided cor- 
respondingly at a distance cf 40 feet from the toe. 

(2) The slopes on cither side to bo stepped. On the right two stepr 40 feet 
wide and 7 feet hi^ each and on the left three steps 30 feet wide 
each and 7 feet, 7 feet and 8 feet high respectively. Two cross wail 

. 6 feet high each are to be provided at the lowest step. 

(3) 60 feet long and 5 feet deep cLijem sloping towards the central 
channel to prodded below thesuhaidiaiy weirs on either bank. 

(4) Two divide walls 14 feet Wgh eaehto he provided on 72 feet long 
floor in the central channel below the subsidiary weir at a distance of 
35 feet each from the edge of either bank. 


(2) PROF06SD DKElffiN OF LOWBB SDIl) BABE&OE AT KOTBIFOB 
EFFSCnVS flABl} EXCLXTSION FROM CAKALS (*) 

ABSTRACT 

This year’s work mainljr covers the experiments carried out lor deteiminKg 
the salient featntes in the des^ of the harcage, such as : — 

!,{ I Silis of Bced Bogulators ; (fj) Design of the left and right pocket and 
theoptimum numb:r&i spans; (i-)I«ug pocket re -su« short pocket ;(d)D.8igno! 
guide banks ; (<■) location of the left abutment ;*(/; Left and right pocket divide 
walls ; Iff) river ccndiiicns after 4:he ccnstiuclioii of the barrage; (/<) Regulation 
the Bam^ and the necessity or otherwise of kee^ngriie poc]^ gates hihgsr 
tfURt the other barrage gates; aad (/) Necessity or otherwise of paving the bed 
efihs pockets. 

THBHODEL 

The model, which represented a reach of ^ and ^ miles upstream aud 
downstream of the proposed barrage, respectively, had the fbUowing scale 

xwkns:-- 

Inqgtk ^1» ratio .. ^ 

Depth seale ratio - - 9 

Dischai'ge »3ale ratio . . — L- 

Vertical exa^»atioa .. ..5-0 

Surface sbpe exaggeration .. 7*3 to8-5respeetiT«ly. 

for ^=200,000 OBseos. 
to Q=530,000 Gusecs. 

Ounteal Waterways, Irrigation aKlNarigation Besearsh Station, Pooaai, Annwal B^rt^ 
Teehsi.-al, IM?, pagM 110—133. 



Tra C®»TEAL BOABD of IMffQATIOJr ASmAL KEPORT 1948 


at : 

(a) Sills of the Bead- Regulators : 

The silk of the Pinyari and Fuleli Head Eeguktors are to be maintaiiied at 
R. L. 62 • 0 i,e., flush with the pocket crest or six feet higher than the upstream 
pavement level (R. L. 46-0). 

i) Design of ike left and right pockel and the optimum number of spans : 

Eight spans and four spans of 60 feet each were found statable for the left 
and right pocket, respectively, from considerations of optimum scouring 
velocities, downstream cistern levels, shoaling in the pocket, and satisfactory 
ratio which governs the curvature of flow. 

(c) Long pocket versus short pocket : 

The short pocket 637 feet long was found to be superior to the long pocket 
860 feet long in respect of scouring operations, quantity of sand to be scoured 
and less time for scourmg, reduction of Cfeffer dam work, and the control point 
(u divide wall nose) being nearer the barrage. 

It is finally decided to have the left pocket 637 feet long with an open 
channel for Wadhuwah through the 26 feet common wall between the Puleli and 
Pinyari Head Regulators, Fisadiwah offtaking upstream of the Pinjaii Head 
Regulator through two hume pipes, five feet diameter each. 

{d) Design of guide bank : 

The left guide bank as recommended is 6,900 feet long, concave thiou^out 
its length, so that it does not distirt the existing conditions, avoids the deep 
wat^ channel and allows water to follow it at all the river stages. 

The right guide bank is recommended to be 6,660 feet long, convex 
concave in alignment, 

(e) Lecaiim of the left abuttmd : 

The left abutment is decided to be 326 feet from the toe of the Jamshoro 
so as to have a short guide bank, less distortion of natural camtine, 
mimmum reduction of waterway during the first season’s Coffer dam work and 
less dfficulties during <x)nstraction of the abutment. 

V) Srnd right focket imde mUs : 

(0 The left and right pocket divide walls tatending up to the wpstiEeam 
abutment of the Puleli Feeder and the right Joaok Feeder respectively, were 
found better than tie riiorter divide walls. 

(it) It is also recommended that the apron jx^tecticn x-nndthe^ses 
of divide walls be laid in a cup-shaped pattern conforming with the extent 
and depth of she -natural scour holes. 

(m) As the eoncret«bloek84 feet x 4 feet X a feet (pxoj)^ by 
not expected to settle npifcrmly, it was recommended tibat the apron W lai 
with ‘two — to three - -men’ stcnee. 
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(S) BEGIHiATlON OF THE KOTBI BAPJt&OE->* Sm-L FONB” OB SEBU- 

OPB» FLOW iil® COKSEQTJEinr BEIGHT OP rOC>B£T GATES (*) 

ABSTBACT 

Aa a resnlt oi model ©ipcriments aJid working expeiioPAe ol tl» Snkkur 
Barrage, the design oi the Eotii Barrage was hasc-d on the ssscmption of ‘‘ still 
pond regulation up to the highest lik^ river dischaz^ of S66,CC'0 cnsecs 
reqniring the Pocket gates to he four feet higher than the other Barrage ggtes. 

A few gnick tests indicated that “ semi-open ” flow r^nlation was gnite 
as good as ‘ ’ siill pond” in the Eotri Barrage design in respect of mnd exclusion, 
or discharges high^ than the “ still pond limit ” (3S4,CG0 cnsocs) — i.e. 
ths difacbaige at which the Barrage gater- would he jest ont of water with “ still 
ffttid regulation ” and pond level oi E. L. 6S'{ . Tho chtef merit of “ still 
pond ” n^ulation is that it assists naiurally ravcurahle curvatnre of Sow in 
improving exclusion, where, lor any loason, “ semi-open ” flow is c-gually 
effective, there ace sevwcal good reasons to prefer it. 

Further consideration end m<ne detailed model tests were, howe^, neces- 
sary in view of the expecieoce at the Snkknr Barrage where it was found necessary 
to raise the ri^ Pocket gates hy adding pieees at top in spite of the Pocket 
gates heing origina’ly 3 feet higher than the Biver gates ; because it is considered 
inadvir^lie at Sukknr to open the Pocket gales at any st^e. 

A detailed comparison of the conditions obtaining at Kotri and Sukkor 
Barrage explains largely the 3 tea 80 ii why restricted * semi-open ’ flow regulation 
is suitable at Kotri t/urngh not at Sukto (right bank), thus : — 

(a) Assuming curvature effect the same exclusion is governed by the 
ratio or, for equal depths, hy the ratio V^IVp (where 

Vg , 7p are the actual velocities and Tjsq , Ypp the r^ime critical velocities on 

the rivet and Pocket sides of the Divide wall}. This ratio for the Kotri Barrage 
is 1 *74 times that at Sukkur, showing ezclumon at Kotri is far superior to tlmt 
at Sukknr even if curvature were the same at both. 


(b) Actually, however, curvature is more pronounced at Kotri than 
at Sukkur, bring intensifled by the central dividing island at Kotri. 

(c) The length of the Pocket at Snkkur is over three times as lon^ as at 
Itotii. The longer pocket is worse for sand-ezdusion (the control, ». e., the 
divide wall nose, bring further away) as well as for scouring at its entrance ; 
during scouring operations with a hi^er Pocket bed at the entrance at Suk^ 
the actual Vg JVp ratio may be less than the calonlated value (1 ■ 67) and the 

J 


(*) Centnl Watemays, Irrigation andXTavigation BeMaidi Station, Poena, BajMii, 

TjyAikal, 1*47, jagM lM-143 (Svnmv)* 
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(d) At the Siikkai Barrage, the loiig separating vails between adjaerat 
head tegolatoxs provide a considerable inactive region within the Pochel 
cansing shoals. These shoals and still-water pockets within the Pocket ad« 
Tersely affect exclusion making ‘ semi-open ’ regulation inefficient. 

Inspite of these comparatively unfavourable conditions, sand ezdnsioa in 
the left Pocket at Sukkor is effective with ‘ semi-open ’ flow (restricted up to i 
feet gate openings) as both model experiments and experience have shown, W 
fact, the shoaling in the Pocket has reduced considerably since ‘ senu-open * 
floV regulation is in vogue at Sukkur at river discharges exceeding 350,009 
cusecs, since the year 1943 at the repeated suggestion of this Station. 

If restricted ‘ semi-open flow ’ regulation is by experiments and experiencp 
found adequate for the Left Bank Canals at Sukkur the same shoxdd alw prove 
efficient at Kotci. 

The Consulting Engineer to the Government of India when consulted 
on this issue, expressed the opinion that he would favour keeping the Pocket 
spans higher by a couple of feet but no more 

This proposal has been carefully investigated on the model with a view bo 
answer the following questions — 

(i) Should the design be based on ‘ still-pond regulation ’ for aU rivar 
stages ; if not, to what river stage will ‘still-pond regulation* he necessary and 
sufficient ? 

(u) Is it desirable to keep the Pocket gates two feet (or more) higher than 
the river spans gates or can this be avoided in any way ? 

Obviously, the higher Pocket gates would be most needed after accretion 
upstream and downstream of the Barrage. The first experiments, directed to 
determine the ‘ still-pond ’ limit with Pond level B. L. 68-0 and four feet 
accretion upstream and downstream, showed that aU the Barrage gates would 
he just open, pocket gates shut, for — 300,000 cusecs. This agreed with the 
discharge worked out by calculations and so the lower limit of the range of 
dischar^ to be tested for optimum regulation was fixed at 300,000 cnsecs. Ihe 
upper limit was fixed at 500,000 cusecs from a study of the discharges expected 
after the contemplated further withdrawals in the Punjab take place. The 
maximum discharge for any filve-day period, in the eleven years (1931-41) 
examined, after fuff development of the Indus Basin, ranges from 2^,00.0 to 
416,000 cusecs, with an average of 368,000 cusecs. Allowing for one exception- 
al year in every ten and for certain of the contemplated withdrawals being post- 
poned or given up, ‘ semi-open’ flow and* still pond ’regulation were compared 
over the range 300,000 to 500,000 cusecs. 

The following four phases of regulation were (aitioally studied at the dis- 
charge stages, 300,000, 350,000, 400,000 and 600,000 ctisecs under al 
possihle post-Barrage conditions downsteeam of the Barrage (i.e., with re- 
trt^aded, mean and accreted specifle levels, downstream.of the Barrage) : — 

(a) Still-pond ; • . 
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(6) re$inctei ‘ MBai-op«n ’ flow so as BOt to 0 T«rt<^ pocket gates of j^ren 
Heights ; 

(<t) Borestricted semi-open flow so as to get as low a water level upatream 
as possible ; and 

(rf) free flow. 

The following Model data were coQected in each case : — 

(t) For each of these discharges, exclusion was tested by the usual method 
of bed 8e,eds. In the quick tc-sts carried out previously, bed se^ were dropped at 
cross-8<'c tiou mile 5| ; but thi.s time seeds were dropped at cross-section mile 5 

half a mile lower down) so as to have a higba factor of safety in. the 
residts showing * semi-open ’ to be as good as ‘ still pond ’ even for the bed 
material very near the left bank of the river at cross-section 5. (If bed seeds 
were thrown from a higher section, more were excluded under any regulation). 
The procedure followed was to drop a fixed number of seeds three times and 
then findthe mean percentage of seeds enteringtbe canals for condition.'* (a) to 
(d) as set out above. 

(]}') Percentage of discharge in the left and ri^t arm channels. 

(m) I’p ratio at the nose of the divide wall. 

(tV) Difference in water level between the left and right arm channels with 
equal gate opening. 

(c) Afiloz in the left and ri^t channels i.e., difference in water levels 
upstrecm and downstream of the Barrage. 

The experiments showed that the conditions at Kotri were better than at 
Snkkur and the results obtained in the model confirmed that reOrkted * serai- 
open ’ flow is certainly as good as * still pond The model, however, showed 
that even with restricted ‘ semi-open ’ flow regulation, it is necessary to keep the 
pocket gates at least two feet higher than the Barrage gates, i.«., top at B. L. 
71-0. 

The model showed that, though designed for 26 per cent., lass than 20 per- 
cent., of the total rivac discharge passes down the right arm channel 
regidcAion between the two anas ; but this is more tbw sufficient for effira^t 
exoluAon of sand finraa the B%ht Bank feeder ; and the more the discharge going 
into the left atm, the easiar becomes the exclusion from the Left Bank feeders. 
It may, however, become neoessaiy to force tbe designed 26 per cent, down the 
right arm by regulation, for a time, so as to flush out the zi^t arm channel d the 
Barrage. Such regulation would require a considerable difference in the water 
levels between the two arms of the river and, at that stage, there is the possibility 
of the left Pocket g^tes being overtopped, even if tl»y are two feet, higher than 
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the Barrage gates. Scouring the right arm upstream of the Barrage may, 
however, result in sanding the ri^t arm channel on its downstream side ; 
because the increase in sand charge is likely to be disproportionately greater 
than the mcrease in the discharge. It will be seen from the graph of distribu- 
tion of discharges that the natural percentages of discharge in the ri^t arm 
do not exceed 14 per cent, and 20 per cent, in the pre-Barrage and post-Banage 
conditions, respectively, and it is advisable to depart artificially as little as 
possible from these natural conditions. 


It was indicated that silting is likely to occur near the right bank if the 
right, bank pitching is more or less ineffective. Due to model limitations the 
model is not expected to show the silting qwxntitoMvdy but it is apparent that 
giUnng would occuT in the triangular portion upstream of the right arm barrage 
somewhere alongthe contour B. L. 65, but then a narrow channel would continud 
to be alive around the central island by virtue of the scour developed by the 
flow attracted by the island. At such a stage, it may be necessary to flush this 
channel ; the gates must be such that they are not overtopped by reason of the 
high afflux required to flush the channel. Experiments carried out with 

Uhh cusecs showed that an afflux of 1 * 8 feet with upstream left pond water 
level of B. L. 76 *4 was required (under the worst condiiions obtained after 
accretion) to pass 26 per cent, of the discharge down the right arm. As, at 
this stage, the left Barrage arm remained ponded, which counteracted the curva- 
ture and increased the cut-off in the li^ arm gates it was not possible to open the 
left Pocket gates by more than two feet without adversely affecting exclusion. 
Under such conditions, the necessity of having the left Pocket gates four feet 
higha would be felt. 

There is not the same necessity for having the right Pocket gates more than 
two feet hi^er than the Barrage gates. 


BaCOMMBKDATIOira 

(а) To(3cel Oates.— 11 the top of Pocket ^tes are kept four feet higher from 
the start, there is the danger of the Pond level being unnecessarily raised or 
‘ still pond ’ being maintained where ' semi-open ’ flow would be just as good, 
with the attendant disadvantages mentioned. Hence Idle top of pocket gates 
should be initially kept only two feet higher i(^provmon to enable the left 
Pocket gates being sul»equently raised, if tequiind, by another two feet. 

(б) Experimioe at Sukknr and experiments at Poona have shown that 
unfavourable curvature cannot be reversed by ' stfll-pond ’ regulation ; but 
where there is &vourable curvature, stdll-pond regulation assists exelution, 
particularly at low stages of discharges— when the curvature is counteracted hy 
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tKe lieadmg up orer tlie uatuxal water kvek and when the crucial ratio Vg/Tr 
governing exclusion is low. The recommended regulation is, therefore, based 
<m the following desiderate : 


(i) “ Still-pond ” regulation for as long as possible for low and mediam 
discharges during the season ; and 

{it) the upstream water level to be maintained as low as possible bj avoid- 
ing unnecessary heading up. 

The experiments have, however, shown that it is necessary to specxfy 
difierent r^i^tions for different discharges in relation to downstream as wall as 
upstream water levels. 


(4) OTIUTAUEBTIB dlllCTTT ACSOSS 7BE CBBtlTAlt (<} 

* INTRODUCTION 

In Figure 4 C. 7 of the proposed Uttiranierur Anicut across the 
Cheyyar River as designed origkally. The anicut was to be 1,080 feet long 
of which 880 feet had to be with a high co-efficient profile with crest at -{-234 ■ 14 
and 200 feet will bt with two fet t falling shutf ers resring on flat crest 4t-f 232 • 14. 
The Chief Engineer ordered that model experiments should be carried ouhto 
examine the adequacy or otherwise of the protective works downstream of the 
anicut and to reduce the cost of construction as much as possible. 

MODEL 

a 

A part model of the aiiicut to scale 1/18 was accordingly constructed. 
The model layout is shown in det^l in F^ire 4 C. 8. As maybe seen therein the 
modd of the anicut was fitted between two parallel walls six faet apsfft. This 
represented 108 feet of the prototype, the central 1 foots:18 feet being the faffing 
shutter portion of the anicut and the rest being the hi^ cp-effioient profile 
overflow weir. The ax feet wide flume was 20 fee+ long -f 2 -5 feet deep and was 
provided with a trolley gauge arran^ment by means of which water surface 
elevations and scour contours could be traced conect to a thousandth of a foot. 
Water supply was obtained flom the s+aric tanks controlled by sluice valves 
and measured over a standard standing wave flume before admission to the 
model. A tail bay and tail gate were provided fc r adjusting downstream levels. 
Downstream of the model sieved sand passing throu^ 18 and retained on 24 
mesh per inch was packed to a depth of 1 foot and top levelled to correspond to 
4- 229 • 14 in prototype. In all the experiments where scours were measqred the 
period of run was one hour each time. 


(*] In%atiOB BMMLteli Stetioa BImIim, AmnuJ Reprai, 1947, page* 3446. 
M21CB1 
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EXPERIKEHTS 

First smes.—Eiglit experiments were carried out on this model in the first 
instance. In experiments 1, 3 and 5 the upstream water level was kept just at 
crest level, the falling shutters were removed and the portion covered by the 
falling shutters alone was allowed to discharge. In this condition no bed scour 
or flow condition was noticed. In all other experiments overflow over the 
h'gh co-eflicient portion also was reproduced in addition to the flow over the 
central portion. In this case shooting flow and harmful scours were seen for 
conditions of high afflux. The model was worked with and without the second 
and third aprons. It was also worked (1) without the staggered blocks (2) with 
staggered blocks 2 feet X 2 feet x 1 foot as shown in the original design and 
(3) with the height of staggered blocks increased to 2 feet. Eor an afflux of 8 
feet there was no proper standing wave in any of these and scours as deep as 7 
feet were formed. The design was obviously defective and it became evident 
that the simplest method of improving it would be to have a stilling basin ar- 
rangement in rear of the weir which would be designed so as to hold ths 
standing wave within a short length of apron. 


UVBSD DESI61 

The profile of the weir was, therefore, slightly altered and a bucket and still- 
ing pool were provided and this design was taken up for test. Hie d^gn as 
finally evolved is fiirmshed in Figure 4 C. 9. It consists of the weirs with and 
without falling shutters as before. On Hhe downstream side a bucket with toe at 
+228 • 14 and radius 4 feet is provided. In continuation of the bucket is a stilliog 
basin 5 feet 9 inches long and invert at+228 * 14 for the high co-efficient weir por- 
tion and a Schoklitch Stilling Pool lO feet 3 inches long and invert at +227 * 14 for 
the portion with falling shutters. The upstream aprons are unaltered. On the 
downstream side the second and third aproits are eliminated and the stagger- 
edjblocks are located at the end cf the first apron. This design gave a good 
stMiding wave for the extreme conditions of discharge and afflux and very little 
scour. How the design was arrived at is described below. 


EXPEBDIEHTS 

Second Series.— In this 14 experiments were carried out . These are Usfccd 
and explained in Table 4 C. 1. A reforence to the statement will show how the 
second and third aprons could be eliminated, how the various baffle walls tried 
were unnecessary and how two rows of staggered blocks at the end were superior 
to having a simple deflector cr Eehabock’s dentated sfll at the same place. 
For the overflow portion the stilling basin was sufficient to ensure a proper 
standing wave for all conditions of flow with high afflux. At the falling Gutter 
portion a similar cistern could not suffice and hence the Schoklitch’s Pool. The 
staggered blocks at the end dissipated any surplus energy left; in tke water 
issuing beyond the standing wave. 




Figure 4C.8 Layout of part model of the Uttiramerur Anicut 

R*|.Na 2737 XOD (O' SO- 1,210 tP.Z.O I. SmJo 
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Sxpenments 3 and 4.— A Yertical sill 4^ feet vride x 6 feet deep vm 
then introduced at the end of the basin : the basin was thus 15 feet 
long X 5 feet deep, having an npstrf am bucket of 20 feet radius. No pueca 
apron was provideil downstream of the sill. The S. W. and econr profflasate 
furnished in F^uie 4 C-11 (B). Standing waves were formed for all conditioai 
flow. These rose above thf tail water level and diving down gave rise to secoad- 
dary waves. Thera was scope for improvement, in thi dnsign. 

SvperimM^ 5 mi fi . — The sill was therefore given a batter of 1 ; 1 on the 
upstream side. This showed a slight improvement in the shapes of standiag 
waves and in the scours. Please see Figure 4 0.11(0). 


Experm»ni$ 7 and 8 . — ^To see if further improvement could be effected the 
1 : 1 slope was replaced by 2 : 1 slope (2 horizontal ; 1 vertical). With M.W.L. 
both npstream and downstream this gave a well-shaped standmg wave and the 
scour was not deep ; but when the tail water was low the standing wave dis- 
apprized uid the jet got bodily deflected with hypercritical velocity. This of 
course caused very deep scours. Thus sloping sills flatter than 1 ; I were found 
unsuitable for the situation. Vide Figure 4 C-11(D). 

Eayperiments 9 and 10 were carried out with a stilling basin 2| feet deep, the 
other dimensions being the same as before and the end sill being vertical. For 
normal conditions of upstream and downstream water levels this proved all 
right* hut with the downstream water very much lower than normal, deflection 
of the jet took place and the design had to be rejected. Vide Figure 4 C!-11(E). 

Experiments 11 and 12 . — ^The above studies indicated that a good design 
Tnight . be obtained by improving the design tested in £::q)edments 5 and 6 by 
converting the sloping sill into a stepped sill. The 5 feet deep basin was there 
for provided With. 


CONOLUSIOH 

The original design was defective in that no proper standing wave was 
formed for high affius: and in spite of long aprons deep scouis were produced 
in the bed below. 

The revised derign sis Anally evolved was satisfactory. Fox all randitions of 
flow with high afflux a standing wave would form in the basia and the scour for 
the worst case was negligible. 

The revised desiga being superior would cost very littie towards main- 
tenance. Even in initial cost a saving was ejected by eliminating the second 
and third aprons. This saving amounted to Bs. 20,000. 
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(S) SKELLOTG BASIN FOB BEALAMPUZHA OVEBFI<OW DAK C) 

ABSTRACT 

A setids of azpedments were carried out for obtoinii:^ an efficient design for a 
stilling basin for the Halampuzha overflow dam. This was a topical case of a 
dam with a small overflow depth and the stndie. are reproduced in this note. 


Hydratdie partundars.— The design of the overflow dam experiment^ on 
is given iii Figure 4: C.10. The relevant hydraulic pmticularB are fdmiBhed 


River bed level (average) 

-r 278-0 

Crest of dam 

+ 362-6 

M.W.L. upstream 

+ 870-0 

1I.W.L. downstream 

+ 290-0 

Discharge per foot rus 

78 c/s. 



Figure 4 C.IO : Showing the cross-sedion of Malampuzha overfloic dam model. 


O Irritation BeKuoh Station, ISadljn*, Annual Report, 19i7 pesos 68-64. 
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Ths uoddl ifs8 A two duudosioiiftl ono, loftdo tu tcftltwood to scaIb 1/100 
and fitted up in the Laboratoiy Hydraulic Flume 40 feet X 2 feet X 2 feet. 
Domistieam of tbs model seived sand of 24-30 mesh per inch grade iraa padted 
to a depth of { foot. All experiments were made for two conditions, namely, 
(1} with TnaTi-m-rrm water level upstream and maaimum water level downstream 
and (2) with twayiTTmm water level upstream and a Ibw water level (plus 2 83-6) 
doswnstieam. Water supply was drawn from the overhead tank, measured 
ovrar the piecalibrated weir in the flume and stilled properly. The downstream 
water levels were adjusted by a tail gate. The runs were made for two hours in 
each case, which period was found sufficient to give a stabilized bed downstream. 
AH measurements of water surface profiles and bed scours were made by pointer 
^kugsB reading to a thousardth of a foot. 

Expenwu»U. — The following eight designs were testt d on the model With 
the experience we had gained from the several studies carried out on other 
spillway models it was possible to choose and select a few designs for test and 
avoid the necessity of going thiongh a very large number of altemativos. In 
these experiments the mein intenticn was to obtain a stilling basin which would 
ensure the formation of good standing waves for a wide range of discharge and 
nnater-level ccmditions. 


Experments 1 md 2 were made without a sill at the end of thebamo. 
The standing wave profiles and scours obtamed are drown in Figure 4 C. 11(A). 
These two experiments had no practical significance and were merely intended 
to see the nature and extent of scour that mi^t develop if no protective work 
were provided. 

A sloped siU having two stops eadk 2| feet rise and 2^ feet tread tide 
Figure 4 0.11 (F), was a clear improvement over the previous deagna. 
Better standing waves were formed for all conditions of flow and scours were 
less deep. 


Experiments IS and 14.— A farther improvement was effrcted on thO above 
by cutting off the upper half of the top step at 46 deg. as shown in Kgure 
4 C.11(G). The standing waver were better and generally satisfactory andit was 
thon^t urmecessaiy to try for further improvement by providing friction blocks 
inside tbe basin or by other means. 






table: 4 a2 

ihowing AbOnua BevviU obtamei w «« Bwparimmag on Oo Malatnpuzha Ovaflow Dam Modd 
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Sxperimmtt 15 emi 16. — ^These vere ropeidtioiiut of expennosato 13 and 11 
with, the addition of an apion 80 feet long downstream of the stilling batin. In 
the prototype this can be obtained bj levelling the rochy bed by chipping out 
projections or grouting up the cavitieB as the case may be. With this apron in 
petition no scour was formed on the bed in rear, figure 4 0.11(n). 


OOMOLUaOM 

Salient partioulaxs of tire observations made in the several expociments 
aza tabulated in miolosed Table4C.2. A stilling basin 15 fset long X 5 feet deep 
hxmg a bucket 20 feet radius on it upstream and a stepped sill of tho 
dimensions shewn in figure 4C.ll(E[)atits end followed by an apron SOfeet long 
was found to be satisfactory. This gave a fairly efheient standing wave for all 
except very unusual conditions of flow and rcour downstream was practically 
eliminated. A vertical sill induced a high standing wave accompanied by a 
dive and secondary waves. A sloping sill or a shallower cistern resulted in the 
bodily dafieotion the shooting jet ftn; certain disehaige conditions. 


/ 

(«) mmWAY HAM OF MAir^ XBBiaATKOlf FBOJBOT {^) 

AjigOMn 

Oivw the zesolts oi ea^penments eaixtod out on mode^ ot Manair Item 
regarding the variation of the coefficient of discha^ with ffifieieatproflhsand 
htighta of the dam. 

This dam is being constructed on the Manair and Kudlair Rivers just above 
their confluence in Medak district of the State. The main dam is a composite 
dam, masonry facing with earth backing. In order to dispose off the total 
estimated flood discharge of 176,000 cusecs&om the combined catchment of 
both the rivers, two separate spillway sections are being provided, one in the 
Manair goige 1,076 feet in length and the other in the ifi^ndlair gorge 1,639 feet 
in length. In addition a detached f.OJ'. Weir 1,200 feet in length is being con* 
structed. The following are the details in connection with the reservoir : — 


(*} Hjdmbad Engiiieering BeiMEok lAkoratoriM, Annual Baport^ 1947, ptigM 8 — 11. 
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Ibzjmtim flood dischaxga by Ali Navas Jang ?oimula, 175,000 ansees to 
bo dupMod off as follows with a bead of 6 fe«6. 


Nadlair aad Maiudi ^illways, 138,500 cakAcs. 

F, 0. P. Weir . . . . 36,500 otoees. 

The sanctioned profile of the spillway section which is nnder eonstraekioB 
is given in Figure 4C.12. While the foundations for the spillway dam in the 
Kadlair gorge were being excavated, it was found that for a length of nearly 250 
feet a horisontal fissure with a momtm seam occurred in the sheet rook foundation) 
and as it was consideied inadvisable to construct the ^illway dam on snth a 
poor foundation, it was decided to alter the profile to give a highBi* coeflitieBt 
so that the length of the spillway dam may 1^ reduced. 



Figure 4 C.12 : Shaming profit of Manair spBmy as approotd for 
eonatruaien. 




‘ Kgato 4 C.13 : Shomttg eoefftemi of Usekarge for Memoir vpQhoay. 
(iSertiow (f Fisfitre W.U, 1148 $edk modet). 

nH»UH 

This leduction of 260 feofc in Isngth of tiho qpOlwBj dam lequna a oodl- 
of 4-00 as against the sssmned ccefficient of 3*6 of the saoo^ned seoifaia. 
As part of the epfllway seclnon is absady oonsferucted, only the top 10 feel to 
16 feet conld be aber^ to give the hi^er coefficient needed. 

EXrSBIliranS Aia> BKSDLTS 

At ffist a model of the sanctioned profile vras constructed in flume No. 3, 
twof tet 'wide, 'with glass sidfs. The scale of the model ■was 1/48. On thfe scale 
this model gave a coefficient of 3-1 at the required prototype head of six feel. 
Figure 4 0.13 pves the coeffidents obtained for this section. Pressures were 
also taken and these are pven in Figure 4 C.14. Table 4 0.3 gives the resulta 
obtained 'with this profile. 
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TABLE 4C.3 


Pressures abstrvei at various points on the sanctioned spiSiway seUion of ‘ 
‘ Manavr Project, Scale 



Next^tLe profile 'vras altered substitutiog the npsfcream chamfer with a 
circular arc and the downstream circular arc with a parabolic curve. After 
a few trials, the profile given in Figure 4 C.ld'was obtained which gave negative 
pressures at only a very few points and that too of very slight intensity at the re- 


quired head of 6 feet. This has an upstream ciccolar curve of radius 225 feet 
and the downstream parabola whose equation is F = ■ l ' in such a way that it 


tS tangential to the downstream slope of the sanctioned profile at a depth 
of ten feet below the crest. 


Tests carried out on 1/48 ecale model of the section so obtained gave a coeflS.- 
cient of 3*7. The same profile was next constructed in the two feet channel 
•utride the Xiaboratory a .-.oale of 1/36. The results obtained on 1/48 and 
1/36 scale models of the new profile are given in Figure 4 C.16 and Figure 4 C.17. 
Xhe pressures obtained for the 1/48 scale model of this profile are givea in 
Tigora 4 0.18 and Table 4 0.4 gives the results of the observations 
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Figure 4C. i 4:- Showing pressure curves at various heads Figure 4C. I S-.-Showing profile recommended for Manair Spillway 
fitr A^analr Spillway profile of figure 4C. ^ ^ ScalqV^",^ y- ■. ..yfeet 

















Figure 4C. 1 7>Co-effic/ent of discharge for the recommended 

Manair Spillway section for ~ scale model 

36 

Re*. No. 2737 XOD (C>‘S0-I,2I0 (P.2.O.). 
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Figure 4C. 1 6:~ Pressure curves at various heads for the Figure 4C. 1 9:-Coeff)clem of discharge for varlousvalues ofP fitrthe 

recommended Manalr Spillway section recommended ManaIrSplllway section for ^ scale 

for ^ scale model model 

keg-N* 2717XDD*C) M I1I0 (PZO) 














Co-efftdent of (llscharg« 



Figure 4C.20:- Curve between C and-^atthe required proto head of 6 for the 


recommended ManairSpiltwaysectionfor scale model 



Figure 4C.2 1 ^Coefficient of dischargeforvarlous values of P for the recommended 
<«*N.»,7xoon MonairSpillway Section for i scale model 
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TABtB 4 C.4 


Premarei ebsarvei at vettrioM points on the find profile ofManair SptOmuf 

sielion. 


1 

»p« 

No. 

DejKib 
of pipe 
Mow 
ocest in 
foot. 

Fteamn head in feet of water : 

Aim. Pr. bemg taken as datum. 

i 

N=4-4« i 

_ : 

1 

J7^S-82 

N«:ll-08 > 

1 



' 

! 



i 


1 

3>00 

3*3 

4-8 

5-6 

S-4 1 

6-4 

2 

0-75 

4-0 

5-6 

3-0 


11-6 

3 

0-25 

0-S 

—0*8 

-2-8 

-4-8 1 

—11.6 

4 


0-2 

0-0 

-1-2 

-2-8 I 

—7*2 

5 

400 

0-2 

0-0 

—0*8 

-2-0 1 

*—4*4 

6 

7-76 

—1-6 

-2-0 

—2-4 

—2-8 

*""4*0 

7 .. i 

11-75 

4-8 

6-0 

6-4 

7-2 

8*0 

8 .. 

20-50 

0-0 

0-4 1 

0*6 

0-8 1 

1-2 








9 

29-00 

0-0 

0-4 

0-6 j 

0-6. 

0-8 

10 

37-50 

0-4 

0-6 

0-8 I 

1-0 

1-6 

11 

*46*00 

0-8 

0-8 

0-6 

3-2: 

9-2 

12 

5?-26 

2-8 

3-6 

4-4 

6-0 

S-8 

13 

57-26 

1-6 

2-0 

2-4 

2-4. 

2-8 


As the upstream bed level varies for different portions of the spiilwsy it was 
proposed to obtaih the vslue of the ooefiddent for different values of 
H 

^whexe H is the head over the crest cf weir and P ia the'up^tream depth 

ff+P 

bebw ciost of the weir. So e^peximentB were conducted on the 1/48 scale 
m^l cf t^ profile, for different values of P. Figpe 4 (119 gives the eoefificie&t 
obtained for vazious values of P. ffigore 4G.20 ^ves the curve between 0 and 
E 

for the required prototype head of six feet. 

ff+P 
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Similarly Tigoie 4 C.21 g^ves tHe coefBmeut for Tariotia Talaes of f and 
Figure 4 G.22 tbd relatioo between C and ^_for tbe prototype bead of six feet 
on the 1/36 scale model of the profile. H+-P Similar experiments will be 
conducted on the 1/24 scale model and it is proposed to repeat the same oa 
1/12 scale model of the same section to enable the coefficients to be 
extrapolated. 



Vigare 4 0.22 : iSiiotOTf^ctfroe betoieen C and -=-7-= a< regvi^ Profo heai 
cf six feet for tite recommended Mamvr spMtcay section for 1/36 scale model. 


From these it appears that the ratio=-r-^a£teotB the coefficient slight^, 
up to about 6 per cent, in the case of over fiow dams of this type. 


(7) HIDSATILIC DESIGK OF TBE NAKGAL BABBAGE!*) 

ABSTRACT 

The Central Technical Power Board recommended that, fo («dar to utilise 
afitibe energy aviutohto from Bhahta and NangaiProjedx^ the maztonim winter 
p<»id level in the Kangal pond might be raised from B. L. 1140 . 0 to B. li. 1154* 0. 

The hydraulic design od the Kai^ Bazrags was accordingly revised hy toe 
East Pnnjab Central Design Office, and the Institute ashed to cany out model 
o^erimeDto for full infoimstkm on smne of tbe det^ featmes. 


(') BMi liiigttim BtMudi lutitat*, Amiitau, Baport, 1M7, p*f 

S4-W. 





DAiis An» mils ?in 

Is additbm, tiie Institate levised some aspoots of the tedgs and seat & note 
to ttm Chief Esgineeis. A sammar; of the eoTiew is given. 

DISCHABGE COEm^IEHT 

The design assumed that the value of the coefficient C in the fonnula 
C B would be equal to 3*10. It was pointed out that if the floor up- 
stream of the crest ^ted to R.L. 1,112*0, which was the assumed B.L, of the 
sflted bed upstream of the barrage, it would become flush with the crest, of which 
the BX. was also 1,112. Insucha case, the value of 0 might not agree with 
that assumed, though actu^ experiments alone could indioate the extent, if 
an^, of the likely difference. 

BSBBGY (UUiCmATXOllS FOB FnffilKG 

The calculations for values of q and Hl, which were later 

utilised for fitiding the B.L. of cistern floor, involved the estimation of the 
downstream depth, D%, as a first step. As the values of q and Hl involved in the 
deogn lay beyond the range of the carves given in plate XI. 2 of the Cmitral 
Board of Irrigation Publication No. 12 * Design of weirs on permeable founda- 
tions ’ the estimation of Dg was probably done otherwise by trial and error, but 
no details were ^ven. 

It ^ pointed out that the empirical formula El^I^) given by 

Dr. Malhotra in the January 1947 issue of the C.B.I. Journal could have 
been used for finding the value of D 2 to a first approximation. As it was, it 
gave values very closely agreeing with those derived by the Central Designs 
Office, as ^own in Table 4C.5. 

TABLE 4C.6 


e 

■ 

D.(estinuhied 
by C.J>.0) 


US 

Sl-84 

M9 

7*33 


48-10 

10-2 

10-2 

71-4 

29*75 

14-5 

U-9 

142-8 

24-94 

20-3 


214-3 

21-78 

24-5 

, 24-3 

439-3 

14-54 

33-8 

32-7 
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The CSaatral Designs Office considered only the following two alteinat.iv«» 
as suitable profiles for the barrage glacis 

(i) Simple trajectory with the maximum pond level and a srnaD pto 
opening. 

{ii) Mo!ntaga*8 so-called ‘ »mi-gtavity * pataboki. 

■por (») the crest velocity was estimated as follows ; — 

I fftxi miiw It.L.»l,154‘0. Crest B.L.»l9ll2‘0. 

Ghite opening 1 • 0 foot, R.L. of stream ai half depth, when leaving the crestss 
1,112-5. 

Head=l,164=l,112-5=41-5 
Velocity at crest ®=0V2^*. 

=0-98.V2 X 32-2 X 41-6 
=60*7 feet per second. 

For («) the crest velocity was taken as equal to the velocity obtaining with 
free fl.ow over the crest with the matimuTn possible discharge intensity (438 
cusecs per foot run) i.e. velocity at crest=(jf. q) J=(43'8 X 32*2)J 's=23*& 
feet per second. 

The equation for (t) was taken as that of the gravity parabola, y=^p x*j 
2 17* with U^5Q-7 and that for (») as that given by Montagu mz. 

*=y+V 417* ylg, with U =23*8. 

The two curves being not very different, the Central Designs Office chose 
the simple trajectory in preferenoe to the Montagu t^, as the former obviated 
tbe possibility of cavitation. 

It was pointed out by tbe Institute thaAhe[Monte^ formula was based on 
a fallacy, as shown by the Lahore Institute some years earlier. Also that the 
most economical glacis profile (t.e. which gave the maximum horizontal accele- 
ration to the jet leaving the crest, in a given horizontal length of the work, for 
known values of h and U) was given^hy the formula due to Dr. J. K.MaIhotriy 

vie. 

/ 

V 

where % was the fall between the crest and the toe of the glades, and V the crest 
velocity. 




(40.8) 
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Taking 17=23*8, as in the Montagu design, the Equation (40.8) was reduced 

to ar=l*18 5*95 Vy (40.9) 


The values of x for ilifferent values of y are given in Table 4 C.6. 

TABLE 4 C.6 



The glacis given by these values was more economical than the trajectory and 
Montagu designs, Figure 4 0.23, the overall length being 91 per cent, of the 
trajeccory and 88 ]jtr cent, of the Mouiagu designs. But as the trajectoiy 
design appeared more likely to avoid -javitation for small gate openings, 
when the crest velocity would be higher than that obtaining in ftee- 
fiow, it was concluded that the choice of the trajectory design was justi- 
fied. 



Figure 4 0.23 Shcvnng differaii designs of glacis profile {Rivisei hgdraiilic 
design of Nangal Barrage). 
ksinutr 
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It was also pointed oat that the reverse cur^e ar the toe of the glacis, while 
useful otherwise, was given a rather sharper curvature than a smooth transi- 
tion required. 

(i) The design assumed that the use of an upstream grout curtain and 
the foundation of the weir concrete right over the conglomerate would reduce 
the uplift pleasures throughout the floor length by 50 per cent. 

It was suggested that the assumption might be verified otherwise, for, if 
it were not fulfilk-d, the absolute values of the uplift pressures would go up- 
substantially and the safety factor materially reduced. 

(ii) It was also pointed out that the calculations for the safety factor 
could be simplified by using the following formula due to Dr. Malhotra, (assum- 
‘ing floatation gradient equal to 1*0) : — 

V5d [b+d ) (40.10). 

S.F.= ^ 

6, d and H being respeciively the floor width, toe wall depth and the head oa 
the floor, 

For Nangal barrage, d= 9 feet, 6=333 feet and H was taken as 50 per ceht. 
of the maximum likely head (63 feet), 

^45X342 

So S.F.= 26-5 =4*68, 

which agreed with the vslue otherwise obtained. 

(tn) Farther, it was suggested that in calculating the uplift percentages, 
another formula, also due to Dr. Malhotra, could be used, which gave the per- 
centage head cut off by a curtain at the toe or heel of the barrage as : 

.. .i .w .. {4Cf.ll). 

For Nangal barrage, the heel curtain was 16 feet deep and the toe carts® 
was 18 feet deep. 

:.f (heel) = 90 V'i8^83S*'l9 0, *«d • 
ji (toe) =»90 Vi6/^8=19** 

which agreed well with the vahies obtained by the Central Deigns Offles. 

(to) Finally, it. was suggested that the depth of the toe wall might he 
increased by another five feet or so, us a mdgin of f afeiy against scour and 
retrogression, for wluc'h the existing picdsien was baiely sufficient with the 
assumed maxininm discharge intensity. 
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(8) MODEL EXPEE3MElrt:S ON: ITAirOAL Ti5> 'F.TR (»>} 

ABSTRACT 

To test the suitability and icundnejs oi »i:t- pxorcstd clesi£;: fc? the &fE£,p.l 
wsir, some preliminary exicriEionts were ma'e cna tmall Eprlcmcdel in the 
fiume at Lahore. A scciionsl model ci lb c Ks no'al £a - ge was cocshucted to a 

scato to tho design as shown in Figure 4 C.£4 . Tf sts were carried out Jor 

detwmining : — 

(a) Ti.e coefficient of di'^elaige. 

(b) The &>pth ol scour for .various discharge intensities. 

(c) Pressure distribution on floor. 

(d) Emulation of double gates. 

COEFFICIENT OF DISCHARGE 

The coefficient of discharge was calculated from the following formula for 
free-fall conditions. 

3 

C=EI{H+haf’ 

Where i?=discharge per foc-t run, 
ffswHead above the crest, 
ha=Head due to velocity of approach. 

(7=0oefficient of discharge. 

The head due to velocity of approach was determined fironi F*>!% using the 
observed value of F and also its calculated value, calculatmg it fimn Q^d 
where A is the cross-section area above the crest. The rctults of the above 
te^s are given in Table 4 0.7. 


TABLE 4 0.7 


r " ' 

' 

! Tihie of 0 

- Sisehasiite i&iMsilj’ 

Ufiing obserrod 
ralxio of f 

HslBg talnikteg 
value ef 7 

■ 

437-6 

3-331 

i 


3-385 

375-0 

8'330 1 

1 


3-348 


29-8S. 


(iB) Hast Punjab Irrijation. Research Icstitiiie, 


AmritfRr, AnTiD&l Report 1947, pager 
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DEPTH OF SCOUR. 

For scour tests the model ■vras ruu for different discharge intensities both 
with concentration of flow and without concentration of flow. These test 
were carried out first with discharges of 60,000 cusecs to 200,000 cusecs assum- 
ing 20 per cent, concentration of flow and with discharges of 300,000 cusecs 
and 360,000 cusecs assuming 5 per cent, concentration of flow. In each case the, 
mode] was run for three hours to obtah". stable scour conditions. The results of 
the above tests and upstream and downstream water levels etc, are given in 
Table 4 0.8. 


TABLE 4 0.8 


Serial 

No. 

■ 1 
i 

Q 

Upstream water 
level B.L. 

Downstream 
water level R.L. 

Scour depth 
below floor 
level in feet 

Distance of 
max. scour 
from down- 
stream end 
of floor in 
fb. 

1 

437 '5 

1,136-0 

. U26-0 

36-0 

100-0 

' 2 

375-0 

1,137-0 

1,124-6 

1 

32-0 

80-0 

3 

327-4 1 

1,138-0 

1,123-0 

29-0 

70-0 

4 

285*7 

1,139-0 

1,121-0 

26-0 

60-0 

5 

214-3 

1,140-0 

1,118-8 

19-0 

50-0 


Plottings of the scour depth, line of TnaTiTTinm velocity and water surface profile 
for the maximum dischargjst are shown in Figure 4 0-25 and Figure 40.27 

SOOUR^EFTH TEEFS WITH NO CONCENTRATION OF FLOW 

Scour tests were also made with the following discharges assuming no con- 
centration of flow viz., 100,000 cusecs, 200,000 cusecs, 300,000 cusecs and 350,000 
cusecs. In each case water surface profile and velocity observations were also 
made. The results of tihese tests are given in Table 4 C.9. 
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TABLE 4 C.9 


Discharge 

Q 

Discharge 

intensity 

Upstream i 

water level 

! 

1 

Downstream 
water l.vel 

■ 

Scour depth j 

in feet I 

j 

100,000 

119-1 

' 1,140-04 

1,115*0 

4*6 

200,000 

238-1 

1,139-0 

1,121-0 

j 16-0 

300,000 

357-1 

1,137-0 ! 

1 1,124-6 

! 

j 26-0 

! 

j 360,000 

416-7 

1,136-0 

j 

1,126-0 

i 

\ 

! 29*3 ! 

1 


DOUBLE GATE REGULA.TION AND PHESSURE PLOTTINGS 

It was laid down in the design that as soo'n as silt is ];)assing in the water 
from May onvrards, the pond Trill be reduced to 1,136*0. Tests were, therefcie, 
carried out with pond level 1,136*0 and discharge intensities 71*4, 142*9 and 
214*3 cuseos. Double gates were so regulated that the two jets intersected 
near the toe of the glacis. Tl:e upper and lower openings and scour depths are 
given in Table 4 0.10. 


TABLE 4 0.10 


Discharge 

intensity 

Lower 

opening in feet 

Upper 

opening in feet 

Downstream 
water level 

Maying T^m 

depth of scour 
in feet 

71-4 

1-0 

2-476 

1,111-0 

1*0 

142-9 

1-6 

5-220 

1,115-7 

7-0 

214-3 

3-0 ! 

8-685 

1,118-8 

12-0 


The velocity distribution, interaction of jets, scour depth, water sucfoce 
profile and pressures on the floor for the maximum discharge run are shown in 
Figure 4 0.26. No definite conclusions c.ould be drawn from these preliminary 
tests. 
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A large scale laodel of tlieXaagal weir, ooasistkgof three bays, to'a geo- 
me'.rieal scale of 1 '15 according to the original design was constructed aVMalak- 
pur. This is shown in Figure 4 C.27 lA). 



Figun* 1 iT'o; (A): A phottigmpJi sJtowing ft mc-del of Nangal weir, <xn- 
^istiug of 3 bays with^staggered blocks arrangement. 


It was examined for the masinium discharge of 437*5 cusecu per foot ran. 
Water surface profile as observed on the model is shown in Figure 4 G.27 . The 
action downstream was heavy and soourtoa depth equivalent to 34 feet 
occurred. The material forming the bed downstream of the yaoco floor 
consisted of sand. Due to change in the pond level from 1,140 to 1,164 in the 
post Bhakra Stage, the design was changed to meet the new requiremmits, as 
shown in Figure 4 (V28. and the model was reconditioned accordingly. Investi- 
gations on this model were started on the following lines 

(a) I’rotection downstream ; 

(5) Design of cUteni ; 

(c) Desagn of glacis ; 

(d) CoefSeieDt of discharge . 

(e) Hydrodynamic pressures , 

(/} CavitatiuB. 





I MOCA.!. 



Figure 4C.28:- Showing experiments on Nangal barrage model 
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Up to tio oJid of the yeaPj the model was examined with the following d's* 
charges 


Post Bhakra stage 

200.000 ousecs 

150.000 cusecs 

100.000 cusecs 


Pre Bhah-a stage 
25<','X'0 fusi-C' 

150.000 cusec^ 

100.000 cusecs 


froni plottings of the ohsemtions showing water surface profile, the lines of 
maximum velocity and the scour downstream it was seen that the line of maxi- 
mum velocity remains near the hed in the cistern, it only temporarily shoots up 
over the slope and returns near the bed on the hacha bed causing considerable 
scour. 

A view of the model of the weir operating with a discharte f qriivalent to 

250,000 cusecs is shown in the photograph Figure 4 C.29. Without protection 
or with unsatisfactory protection action downstream is ve ry h-: avj*. 



Kgare 4 C.29 : A jihotograph touting the wit of Oa Ntngd vieseoj tniWg 
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DISCUSSION B7 THE RESEABCH COMMITTEE 

Mr. Gupta introduced ite n (1) ani said tHat downstream protection 
works for Xagwa Dam propo'cd list year oir., a 90 feet long and 40 feet 
deep cistern could not b? constructed at site as it was not possible to bewn 
the rock below bed level. As an alternative, a three feet h^h subsidiary 
weir at the end of 90 feet bng floor at bed level and two feet high baffle at 
a distance of 40 feet from the toe of the main weir was found equally 
effective. 

A "loai 'trically similar model of the whole weir and allied works was 
constructed tc scale 1 ;36 to study the action of falling water in view of the 
fast that banks on either side were suggesting different type of protecting 
works than those for the central deep channel. The river bed being rocky, 
peagra\’el was used below downstream works for scour study instead of sand 
to provide for adequate roughness in the model. The side subsidiary weks 
were kept ton feet high so that th*' whole side discharge was diverted on to the 
deep central channel. Tills als . ensured bettor standing wave formation at the 
low floods. 

Rao Bahadur Joslekar introduced itom (2) and said that as a result 
the expirience gained in the working of the Sukkur Barrage and its models, the 
investigation for improving the design of the Kotri Barrage prepared by the 
Sind offi'iers was suhjectid tc a very intensive and detailed study in models. 

Me. Gole said that the experiments had been carried out in continuation 
of those which were dealt with in their Annual Report (Technical) for 1946. 
The main point covered were (a) elevation of sills of head regulators ; (6) the 
design of the left and the right pocket and the optimum number of spans, (c) 
the relative merits of a short pocket versus a long pocket ; ('f ) the design of guide 
banks ; (f) the location of the left abutments ; (/) design of right and left pocket 
divide walls and {g) conditions to be expected after the operation of the bar- 
rage. Studies made of each of these items were described in details. 

t 

Introducing item (3) llfrt. Goue said that all the experiments for the Ijower 
Sind Barrage at Eotri were carried out in such in way that there was no im* 
petition on the tegnlaiwn of the left and right anus of the Barrage. 

Mb. Eutouiocu introduced items (4) and (5). 

In the absence of Mr. Hardiker item (6) was taken as introduced. 

Da. Mauhotra introduced item (7) and Dr, XJkpae introduced item (8). 

R -ferring to item (1) Mr. Kuttiammu said that he would like to suggest a 
few improvem’^nts for the consideration of the detigners and research officers. 
The or^ width of the dam was j^posed to be ten feet. ’ He did not know it if 
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Tras intended to allow cars to go over the dam. If not it could very mucli be 
reduced with advantage. In the alternative a bridge or a foot bri(^e support- 
ed on peirs could be coitsidered. By reducing the width of flat portion at crest 
and by adding an upstream lip, the coefficient of discharge could be increased 
by about 35 per cent, and the length reduced proportionately. "With the pre- 
sent length the spillway extended too much into the margins of the river, and 
by reducing the length this could be avoided and cost cf downstream pro- 
ductive works reduced. 

As regards the downstream protective works, the stilling basin obtained 
by model experiments in 1946 would seem to be quite good. But the construc- 
tion staff had found some difficulties in its adoption. present design for the 

central portion consisted of a subsidiary weir three feet high at a distance of 9(} 
feet from the toe cf the dam and a baffle two feet high 40 feet from toe. Proiu 
their experience on models of this type, they might he able to economise further 
on this design. The baffle might be replaced by a single row of blocks. It was 
possible, that these blocks might give all the benefits cf the baffle and more, 
and might prove to he cheaper. Blocks four feet by two feet spaced eight fef 
clear apart at a distance 1/3 hngthof basin (.30 feet in this case) might, per- 
haps, be all right. 

IIIr. Govinda Eao enquired from Mr. Gupta whether the method adopted 
for the dissipation of energy was by turbulence or by creating a standing wave, 
and said that in the former case there was a danger of retrogression of bed level?. 

Mr. Ghotankar referred to item (1) and remarked that in the experi- 
ments a co-efficient of 3 • 07 was obtained in a 1 /25 model. The co-efficient was 
expected to be higher for the prototype as the weir was narro se-crested and had 
0-0 • 9 against 2 • 0 required for broad crested weirs. He further enquired the 
maximum discharge that had been observed at this site and asked if the 
shape of the catchment was taken into account when working out a discharge 
of 68,000 cusecs according to Inglis formula. He further enquired as to why 
the flood absorption capacity was not considered as this in his opinion would 
have had a very important bearing in reducing the out-going discharge. With 
these corrections it would have been posrible either to reduce the length of the 
weir or increase the ftdl reservoir level. Further he remarked that it was npt 
clear why such au intricate protective device was proposed when rock was 
exposed on bed downstream of the weir. 

Me. Gupta replying to the criticism smd that the width crest of the 
Ifagwa Dam was kept ten feet because of the insistence of the construction en- 
gineers on the site who felt that'a width less than ten feet would not be suitable 
for inspection purposes. It was feared that blocks would get easfly detached 
from the rooky bed in comparison to one continuous baffl*, hmee later device 
was recommended. As regards Mr. Govinda Rao’s qu'ry the energy was dis- 
sipated by creating a standing wave. Replying b) Mir. Ghotankar, he said 
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that the maximuni flood discharge observed at site in 1946 was 63,000 cusecs. 
The shape of the catchment must be taken into account by the construc- 
tion engineers who ixsed the Inglis formula. The actual maximum flood dis- 
charge worked out, however, resembled very closely to that of the Tnolia 
They had taken into account the flood absorption capacity as already meu- 
tioned in their last year's annual report. The nature of the rock being 
Baud stone, the cheapest and e.Tective preventive measures were suggested."^ 

Dr. Bos : referred to item 3 and remarked that in view of the sbfia.]ing 
across the right guide bank the right andersluices were likely to be masked. 

ila. Gole in reply' said that the conditions were tested umler worst 
hyps vthf sis and duo to the attiaciion cf the central island a channel would 
{jcrsist round the central pitched island as shown by experiments and the 
••ontlitio!’s were observed to be equally good thus insuring’correct curvatixre of 
flow for t1;e right bank feeder. 

De. Uppal also made some remarks. 

Rai Baeadcr Kanwab Sain said that in his opinion for practical con- 
siderations ot can.«truction the sloping glacis should he stra'ght for all con- 
ditions of flow. 

Mb. Malhotra in reply said that in the Punjab the profile of the glacis had 
"generally' been kept straight hi t in the case of Xangal Barrage the maximum 
ami minimniii cimditious of flow warranted that it should be parabolic. This 
ace iiding to him was a jicculiar case. 

Dr. 3I.Ar.uoiE.Ar<.‘ferve<lt> Montagu's picfilc and said that he had prov ed 
it to be bused itu !i i'a’Iitcy'. He fu'ther ad<led that the trajeotoiy method whioh 
had b-.Mii eiu]«l'>vfd in the Punjab IVutuiI Designs Office rogarding tlie gla'.cs 
was jwrfectly right fer gated conditions. 

Mr. Yauhkra enquired about the efficiencies of gravity parabolic glacis 
profiles. 

Dr. Uppal in reply stated that they had carried out a number of 
•ip-Timents on Montagu's as well as Dr. Bose’s glacis profiles and that they 
had found that there was no difference between the two as ftur as their results 
showed and further in the construction itself there was very little difference. 

Regaiding the uplift pressmesto be expected on the Nangal weir Rai 
Babadub Handa said that when the design prepared by the Punjab Central 
Designs Office was examined by Dr. Malhotra he had suggested that the design 
a«5u uijt.i(>n far reducing uplift pressures by per cent, be verified otherwise 
for f it were not fullillecl the safety factor in%ht be materially reduced. This 
had pwved very prophetic and a.s the design developed it was considered Iffiat 
pii'vi.ri(>n should be made for full uplift pressures. 


DISCUSSION BY TBE BOARD 

Tax Sxobbtabt said that eight Hems were diecuesed at the Research 
Ceaunitlee meetiiy 758). There wee so reiefaitios. 
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(iii) MATERIALS 

PBEUBQNABY NOTE 

The frllowii^ items were clis'jassed at the 1947 Eesearch Coiuiu’ttee 
Meeting : • 

(1) Foundation rock of the ilaaia 2 )adasagar Dam. 

(2) Note on s/urWi mortar. 

, (3) Sweating from Kriahnarajasagar Dam. 

Recent Literature. 

(1) Concrete for dam mixed in transit— Construction Method, Vol, 29, 
No. 4, April 1947. 

(2) Remote location complicates gunite repairs to dam— Construction 
Method, Vol. 29, No. 4, April 1947. 

(3) Walter D. S. — Reclamation biggest eaith fill dam — ^Engineering News 
Record, Vol. 139, No. 12, September 18, 1947. 

(4) Whirler cranes build Blue.stnne Dam — Engineering News Record, VoL 
138, N.i. 4, July 24, 1947. 

(5) Precast slabs put new face on .dd dam -(’finsrnictu.u Metiiods, Vol. 29, 
No. 6, June 1947. 

(6) McHeneiy, Douglas, Head, Structural Research Section, Bureau of 
Reclamation , Denver, Colorado, U.S.A— The effect of uplift pressure on the 
shearing stre]^h of concrete. International Commission on Large Dams, 
Third Congress, Stockholm, 1948, R48. 

(7) Bcurriot, Ingenieur B. N. P. G. France.— Essais d’adherence beton* 
rocher (Rock-concrete addesion tests) International Commission on Large 
Dams, Third Congress, Stockholm, 1948, R .39. 

(8) Lea, F. M., O.B.E., D. Sc., P.R.I.C., Director of Building Research, 
Department of Scientific and Industrial Research.— -Special cements for large 
dams — ^International Commission on liarge Dams, Third Congress, Stockholm, 
1948, Rll. 

(9) Hakanson, Per — Qeneral principles for a specification of 8|)ecial ce- 
Benta—Interitatioaal Commission on Large Dams, Third Congress, Stockhalm, 
1948, R 14. 
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(10) Venables, F, de L., Research Engineer, Sydney, Australia— Experi- 
ence in the use of low heat cement — ^International Commission on Large Dams, 
Third Congress, Stockholm, 1948, R 16. 

(11) Lofquist, Bertil, Dr. Eng. Tlie State PovFer Board, Sweden.— Com- 
parison between a low heat and a standariJ cem^ nt — International Commi'-sion 
Large Dams, Third Congress, Stockholm, 1948, R. 20. 

(12) Mary, Marcel, Ingenieur en Chef des Fonts et (^aussees Directeur 
Regional a Electricitede France. — ^Inflamee do la finesse du ciment surla per- 
meabilite du beton (Influence of fineness of a-ment on the permeability of 
concrete)— Intnmational Commission on La'ge Dams, Third Congress, 
Stockholm, 1948, R 21. 

(13) Lossier, Henry, Ingenieur-Consei!.— Les ciments espensifs (Expan- 
sive cements) — ^International Commission on Large Dams, Third Congress, 
Stockholm, 1948, R 25. 

(14) Langavant, Clert t de, Ingenieur E.C.P.—Emj)loi des ciments spectaux 
pour barrage en France. (Use of special cements as construction material for 
dams in France)— International Commission on Large Dams, Third Congress, 
Stockholm. 19^, R 26. 

(15) Hoon, R. 0., M.Sc., Ph.D., Rjsjarch Omcer on Sp?cial Duty, Central 
Wat erways, Irr'gation and Navigation Commission, New Delhi (India) — The 
US'.' of Knuhar lime as building material for major engineering works — ^In- 
ternational Comraiss’on on Large Dams, Third Congress, Stockholm, 1948, 
R24. 

(16) Langavant, Pleret de. La m^sure de la chaleur d’hydratation des 
coinents par la methode thermos (Measurement of the heat of hydration of 
cements by means of the thermos method) — International Commission on 
Large dams, Third Congress, Stockholm, 1948, R 27. 

(17) Lhopitallier P. and Momot Ch. — ^Determination de la granulometrie 
des ciments comparasion entre le tubidimetre et le flourometer-Remargues 
surle permeabidimeter de Baline (Comparison between the turbidimeter and 
the fiouTometer— remarks about the Baline Permeabilitymeter) — ^International 
Commisaion on Large Dams, Third Congress, Stockholm, 1948, R ?8. 

(18) Junttila —Usage du ciment de laitier de hart foumcau pour les grands 
barrages en beton (The use of blast furnace stag cement for large o onezete dams) 
— ^International Commission on Large Dams, [l^rd Congress, Stockholm, 1948, 
R30. 

(19) Gtoner, Chr. F.— Experience on use of special cement for dams in 
Norway— International Commission on Large Dams, Third Congress, 
Stockholm, R 43. 
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(20) Steele, Byram W. — Concrete in large dams past, present and future- 
international Commission on Large Dams, Third Congress, Stockholm, 1948, 
E 44. 

(21) Meissner, Harmen S., Eesearch Engineer, Bureau of Eeclamation, 
Denver, Colorado, U.S.A. — ^Expansive crackmg in concrete dams caused by 
reactive a^iegate and hi^-alkali cement — ^International Commission on Large 
Dams, Third Congress, Stockholm, 1948, E 47. 

(22) Tyler, 1. L., ManagerofPield Eesearch, Portland Cement Association, 
Chicago, Ell— A pro^mme of cement research of significance to builders of 
large damsr-Inteinational Commission on Lai^e Dams, Third Congress, 
Stockholm, 1948, E 50. 

(23) Lalin, G. S. — Admixtures for the purpose of improving the workability 
of concrete — ^International Commission on Large Dams, Third Congress, 
Stockholm, 1948, E 59. 


(24) Kallauner, 0., Prof. Dr. Ing.— Any remarks about tests of special 
cements. — Intemational Commission on Large Dams, Third Congress, Stock- 
holm, 1948, E 60. 

(26) Eawhouser, Clarence, Civil Engineer, Bureau of Reclamation, 
Denver, Colorado. — ^Temperature control of mass concrete to prevent firanlrin g — 
Intemational Commission on Large Dams, Third Congress, Stockholm, 1948, 
E 61. 

(26) Blanks, E. F., Chief Eesearch and Geology Division, Bureau of Ee- 
c’amation and Price, W. H., Head Materials Laboratories, Bureau of Eeclama- 
tion— New developments in concrete and applications in the design and constmc- 
tion of concrete dams — Intemational Commission on Large Dams, Third 
Congress, Stockholm, 1948, E 62. 

(27) Eoyen, N. — ^Eeport on actual observations of hydraulio structures 
bmlt with low heat cement — ^International Commission on Large Dams, Third 
Congress, Stockholm, 1948, E 63. 


THE TEAR’S WORE 

DISCUSSION BY THE BESEABCH COMHIETEE 
There was no contribution under this sub-head. 

DISCUSSION BY THE BOABD 

The Secsetast said that there was no contribution and no discussion at 
the Eesearch Committee Meeting. 
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fiv) CONSTRUCTION 


PRELMIKAItY NOTE 

Thiire was no ccntributioji or ^‘yussion under this head at the Dt7 
Eesc-areh Committee Mming. 

Jieccnt Lilerafnre. 

(1) The Clark Dam— Construction methods and equipment— Common- 
wealth Engineer, Vol. 34, No. 6, March 1, 1947. 

(2J Boswell, C. C. and Giesecke A. C. — Maintenance of heavy concrete 
structures Minnesota Power and Light Company Practice— Journal of 
American Concrete Institute, Vol. 17, No. 4, February 1946. 

(3) Goodall, 6. E. — Horizontal joint put in arch dam in effort tc prevent 
crm-king— Engineering New's Eecowl, Vol. 138, No. 26 , December 26, 1946. 

(4) Work resumed on Centre Hill Dam— Engineering News Record, Vol. 
138, No. 16, April 17, 1947. 

(5) TheDixenceDam, Switzerland— Science and Culture, Vol. 13, No. 4, 
October 1947. 

(6) Fall River Dam— Construction Methods, Vol. 29, No. 7, July, 1947. 


(7) The Clark Dam, Tasmania — Concrete and Construction Engineerins, 
Vol. 42, No. 8, August, 1947. 


{8; Walker, F. C.- Four earthfill dams create 1,873 acre Hoisetooth Reser- 
voir in Colorado- Civil Engineering, Vol. 17, No. 6, June 1947. 


(9) Rapid constmetion of Stirling earth dam — Commonwealth Enghteor, 
Vol. 86, No. 2, September 1, 1947. 

(10) The Cherokee dam— -The Tennessee Valley Authority adds anotibsr 
handsome structure to the TVA chain— AmJdtectual Fomm BosHn. 

(11) Central Utah ptojwt— Bureau of reclamation— Washington 1947. 


^1m) Liaitchct, Ingcnieur I.E.G. €tE.I.H,, Mesures do defermations but Is 
batardeau amont du barrage de Saint-Etienno-Cantales. (Deformation 
mca.'Uivmcnts on 'he ujistro«m CoLtr ^Inm of St-Elienne-Cantalas dam) — 
luii n,i tionnl < n Lar-rcDam.-, Ihiitl Congress, Stockhclm, 1948, C3. 



DAMS AND V^mS 


797 


^13l Barwell, Edwird B., Jr., Chief, Geology and Geophysics Branch Office, 
Chief of Engineers, U.S. Department of the Army, Wa.shington, D.C.— Founda- 
tion Engineering for Large Concrete Dams-^Internationa! Conunission on 
Large Dams, Third Congress, Stockholm, 1948, C 6. 


THE YEAR'S WORK 

The following items were discussed at the 1948 Eese wch Committe Meet- 
ing:-- 


(1) Coffer dam for the Ramapadasagsr Project, 

(2) Bamapadasagar Dam-seepage into the excavation pits. 


(1) COFIEB FOB TBE RAHAPADASAOAB FK(UECI(ii) 


ABSTRACT 

Tko reeults of cxperimente on the 1/300 seels model of the Bamapadasagaz 
Coffc-r dam wero described in Annual Bcport for 2046. With the 
gained by the operation of the l/OCO scalo model which formed the first series 
of studio and virtually served as a pilot model, a model to scale 1^ ISO was 
designed obviaiing tl» limitations of scale efiects of the former modri. It was 
consideied that the larger model would simuUds the prototype features more 
faithfully than tho smalto. Gives lesulte of experiments carried out ic this 
len^ mo^l. 

DESIGJfOFTHEMODIE 


Since this was a model qf mobile b’d in which flow pattern was the dominant 
ftaturc a giometiically similar scale model in which Fronde's law and Man- 
nings frictional law were simultaneously satisfied was indicated. Conse- 
qu'‘ntly a model to scale 1/160 was designed since it was the largest that could 
conveniently be put in at Poondi. For moulding the bed tand of 24 to 30 
mesh size (0 • 79 to 0 • 69 mm. ) was used'which was found to satisfy the frictional 
relationship to a &ir extent. For the normal river condition without tho 
Cofferdam the surface fall obtained in the model was about 3>17 feet per mile 
compared wii h the prototype .value of about 2 feet per mile. There was neither 
.sheet movement if sand for the normal river condition nor any injection of saud 
waamade. But with the construction of Coffer dam scours were producetl giving 
the indication sought for. 


The scale ratios for tha model were as follows 


linear scale 
Velocity scale 
DiscLarg*'' rrale 
Fiictioi. scale 

* 


1:160 

1 : v'180«12‘26 

1:(150)M=275,600 

l:(iy0)M=.2-305 


(“) IrtigatiOB R*««Mch Ffstlo*, MMnii, Annual Rsport, 1947, |«gM 4-9. 
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CONSTBDCnON OF THB MODEL 

The laj-out of the model shovrn in Figure 4 C.30 was genera^ similar to the 
1.300 se'ile pilot-model. It was housed inside two large M.B. Sheds 110 feetx 
35 feet each, and sheltered against wind and rain. The water-supply was 
drawn by gravity from the reservoir through two pipes of 12 inches ^meter 
and fiuther supplemented by draw off from two static tanks with a combined 
capaeixy of one million gallons. The water was first admitted into a tank of 
14 feet diameter in which the constancy of head wm secured by providing a 
spillway of great length as shown in Figure 4 C.30. The supply ficom the coiis- 
tant head tank was ^awn through a sluice into a masonry fiume 8 feet wide x 
4 feet deep and admitted to a standing wave measuring flume. The discharge 
trom the standing wave flume could be either admitted to the model or diverted 
to waste as conditions required. 


The model proper was enclosed inside masomy walls of 9 inches thick and 
constructed on the impervious floor of the sheds. It consisted of a fore-bay with 
stalling racks, a tail bay, tilting tail gate and other usual appurtenances. The 
model represented a length of 7,000 feet upstream of the dam line and, 5,500 feet 
downsiream. The non-erodable margins, the Central Mahanadi BQll and a 
reach at the commencement of the modd between 7,000 feet and 5,000 feet were 
moulded rigid. The water surface elevations over the model were tapped by 
porotls pressure boxes embedded underneath the river bed at points 4,000 and 
1,000 fee; upstream and 2,000 feet downstream of dam line in the positions 
marked in ITgure 4 C.30. The water level firom the pressure boxes was 
communicated through 1/2 inch diameter brass tubes to a battery of guage 
j cat mounted on a stand. From each of the connecting pipes a branch was 
taken off by a “ Y ” connecting piece and the pressure communicated to mano- 
meter tuljes mounted on a stand as a battery. The manometer tubes enabled 
sucking out air from the connecting tubes tbcu^ they could also be used to re- 
cord the surface elevations by precision instruments as a cathetometer. Nor- 
mally tbt- water levels were aH read in the gauge pots by a alitling pointer 
gauge reading to foot. From these readings the afflux and surface fell 
were computed. 

Bench marks were located on the side walls at each 1,000 feet oross- 
seotion to serve as reference points for moulding the bed, eftj. The bed was 
moulded by a system of female templates. At various points in each cross- 
section a numhei of base blocks were embeded with their tops at such a level 
that by placing a tubing of nine inches len^ vertically on the top of the block 
the top of the tubing could indicate a point on the corss-seetion of the bed. 
Eaisb block had a pin projecting up to engage the tubing. After moulding the 
bed as per ordinates indicated by tie tubings, the tubes could be removed so as 
not to function as obstacles to flow in the scoured bed. 


There was a trolley built up of warren girders and moving on tram rails 
along the paraflel sides of the model walls, to facilitate tracing of surfece and bed 
flow lines, scour profiles and other observations. 



Channels to maintain 
constant head-~v 



Figure 4C.30:- Showing layout of Ramapadasagar Cofferdam Model 





Figure 4C.3 1 :• Showing fiowllnes at bed and surface witii west side cofferdam 
(Ramapadasagar cofferdam model) 
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Figure4C.32:- Showing scour contours with west side cofferdam 
(Ramapadasagararfferdam model) 
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OPEBATIOHS OF THB HODKL 

(a) The experimeufcs conducted could be described under two groups: 
those u-itli the normal river and those with the West Coffer dam in positi^ 
In the first groupthe model was first filled with water at a slowrate with the tafl 
gatcinthe raised position. Themodeldi3chargeeorre8pondkgto3*25 million 
«nsec-s was admitted to the standing wave flume and the water diverted to 
waste till a steady discharge was attained. It was then passed (m to the model. 
The tail gate was lowered till the gauge reading at 2,000 feet downstream of dam 
line corresponded to that of the prototype for that discharge. The gauge levels 
at other points were all recorded from which the surface fall and afflux could be 
worke* i out . In the subsequent experiments discharges conei^nding to 1 • 85, 
1 *35 and 0 • 91 million cusecs were passed and the observations repeated. There 
was no appreciable bed movement of sand in these experiments as has been 
already stated. 

(b) In the second group of esperiments the river bed was moulded asptt 
normal cross-sections and the West Coffer dam was built in position embracing 
the Mahanadi Hill at the nose, vide Figure i 0-31 . A discharge corresponding to 
2*25 million cusecs was passed. The paths of bed lines and surface lines were 
traced by wool threads and plotted, vide Figure 4 C-31 . At the conclusion of the 
experiment which lasted 5f hours the pattern of the soonr was taken and plotted 
vide Figure 4 C-32. For tMs the water was emptied in stages when the bounds^ 
ofthe water edge frtmisbed a contour corresponding to that levd. By reading 
the co-ordinates of points on the water edge the contours were plotted in the 
sheet directly. 


OBSEBVATIOIIS 

(а) The results of observations of water surface elevations are furnished 
Table 4 C-11. It may be noted that the ^lues were generally higher 

than those obtmned on the tig model. The surface &Ils too were h^er tiiaa 
in,jj model. This was to be expected on account of the hif^ier friction in 
tUs model than in the sis model. For a more correct dmolation of fiiotioii 
the bed material should be replaced by a fiuer type. 

(б) The results of experiments on the rh scale model with the West 
Coffer dam in place are shown in Table 4 C-12. It may be seen that iu this case 
too the afflux noted was higher than in is model. 

(c) The scour p^em was similar to that obtained with sis model. In 
tbeti# model a series of powerful whirlporls were no’-irsd whi ih iathe smillec 
model were inconspicuous on r.ccount of viscous off ‘cts. The la'*g^r mo lei was 
generally better sima’atingt’ie prototype features. Newtbenose the maximam 
SCOUT noticed extended to — ^20. But in this region rook is .avsilibh a+- high ele» 
ration and there would bs no danger to the foundation of the coff ir dam. The 
alignment of the coffer dam appeared to be generally satisfactory. 

M210BI 
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{d) ILv n vt jivtiv-.:. tie.*, -u .-lev figure ■! C-31. Ic ii^dkated that 
the up.iKiiB: :act tiie vruu’iui'.jt to acct-lerare tl;^ gradually 

and Giilt ct iLe cuiieDt away iroiu ilie ».biu x Cj&m n r tlif nose, Eddying resulted 
juad consequent exposure of rock stratum near the nose. A tendency to shoaling 
a tittle downstream of the nose owing to the repulsion of the bed line ficomthe 
l^ht bank in this reach was also indicated which is also confirmed bv Figure 4 0* 
82. 

COHOLUSIOK 

(a) These rapid tests indicated that the ^ model was able to sbmdater 
pnrtolype conditions better than the ^ pilot — ^model. Scale was soBSciently 
burge to enable the various effects to be carefully studied* 

{b) The values of afflux obtained were higher than those observed on ^ 

model. Friction on this was obviously greater and it was evident that by al- 
texing the bed material and obtaining cciti ^ t adjustment of friction or by adop- 
ting some other model device (such as tilting), reliable values could be obtained* 

(c) The alignment of the West Coffer dam appeared satisfactory* Thezer 
was eddying and scouring of bed near the nose, but as this was founded on rock 
(Uahanandi Hill) no danger could happen. There was no rapid current and no 
bad eddying near the cellular piles — ^no scours developed near them. Main 
aoouring of bed occurred in tho centre of the stream on the left as observed 
on the 1/300 model. 

TABLE 4 0-11 
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(2) EAKAPADASAGAR DAM— SEEPAOE IKIO THE EECAVATIOH 

PITS (i») 

ABSTBACTC 

The studies dcscrihod in Article IX of tho Ajrnud Report of 1948 were n^o 
OB sectionrl modtls and with the imrttvious rock assemd to lo at-LOO. The 
iishorc-nt in the studies wo'C recognized rnd when Ecfficirnt date 
hoeamo availablo icgardin&the L-tcJs of lock ciry r-t the firm site as a kotU 
of oitiaudTO pcootrometcir end Icring tests, it wes ccaB!tc«;d desirrklo that 
hsther should he tekon up with the aid of a full three duccnsicnal s<»i«e 

BKdA Amoddtosoalol/SOofthoWestSiduCotfGP i^ja rad Trench was accoid- 

Wfa constructed and woib.d. During tho course c£ ortcahop of this rsodil the 
necessity for rc>rccting two dim^rs cr; I lucfcl studies with tpical sccticns whoa 
day and rook aro high l.JCfms '.vid r.t rnd jb;:t<>E’.3 w xvnj, therefor? , criTOd out. 


THE THREE DIMEHSIO NAIi MODEL 

The model which wa s to scale 1/150 \Tt\6 enclosed wit aln a masonry cistern 

82 feetx lefeetxSfeetandrc-proclaced tiw rock and day coutoars, the mas- 
onry and cellular Coffer da m and :» part of th. river. The layout « shown m 
' Eisure 4 C.33 and the con tours of rock, clay bottiim and Ciay top are separately 
shown in Figure 4 C.S4. Bo' h rock and clay were treatol as and 

made of masonry in tho m del. The ponioncr we Cofferd^ founded on the 
Uahanadi HiU was of masonry and the cL-cularcolls ;n continuation of tbs on 
AW end were sheet piles. These wells in the mxlel wore made of iron sheets 

(t«) T, 4 gitfw BewHoli StKtion, tfadiw. Annual Report, 1947 pages 103-113. 
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bent to foim cylinders of 0 *4=60 feet diameter and were taken down to— *50*0. 
The junction between any two wells was made water tight by putty. On the 
flanks the prototype will have earthen embankments which in the model were 
mad'' of mrs '-try. Sand p esi; g through 24 mesh per inch and retained on 30 
having a permeability coefi&cient of 16 • 8 feet per hour was used to represent the 
river bed. This, though mere porous than the Godavari sand whose per 
meability is 11 *88 feet per hour, was adopted on account of its availability in 
large quantities and as it was less likely to give capillary errors or to get 
choked dining the eouwe cf experiments than a finer grained sample. The 
slopes in the founiitiiei rr 'ueh were cut accurately. Water on the upstream 
was let in through a U inclr.s Lose pipe and was maintained at 100 for all 
experiments by means of pruper controls. From the bottommost part of the 
trench n 3 inches pip- Wfi.i taken an<l coimected to a cificcm outside the main 
cister.;. Th s had u ' 1 valve bj' op rating which water could bo with- 

drawn from the tren. h luid maintained at any desired elevation. The water 
bo withdrovn w-is over a V-notch lower down. The .saturation 

gradients underneath the -ilepesofextavation were detected and measured by 
means of a copper p« inter artached to an electricnl circuit which iniduded 
a galvauoiaetor. One end of the circuit was connected to the water upstream 
in the model. By intioducing the pointer into a glass tube buried on the dope 

it could be brought into contact with seepage water. A deflection i» the 
^vanometer indicated th s yuitact.. 

In the later exjMjriments on the mode! a number tif well points were es.tnb* 
tished on the slopes. These consisted of cylindrical stiniucrs 2 inches diameter 
sunk 6 inches deep into the stiind. Water in these was withdrawn by siphoniag 
by means ol vi!Mi.'r tul.i.n. The di.scharge in each tube was maintained steady 
by proper oveTi( i-.v urraugoiiients at the tail-end and was me.'isured quanti- 
tadvely. 


RRST EXPERIBENT OH THE MODEL 

The mode! was first worked without any well point on the dopes, the up- 
stream water level was maintained at -j-IOO and downstream water levet was 
maintaired succespively at various levels ranging between -f- 70 and — 16(). 
Ffrall tl fT^ fcrditii rs tie follcwirgtwo defects were observed : (a) The toe of 
tie ifTil slcpe stajti d slipping whenever t* c downstream water level was low, 
[b) lolling occurred in the regions shown in Figure 4 G.3i Both these had a 
cumulative effect and developed steadily and finally covered the entire sand 
slopes resulting in the ir « cmplcf e failure. The toe slips could be obviated by 
rip rap protection. The boil ^ on the slopes had to be prevented by fthanging the 
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m 

stopa*, or by lowering tbe seepage gradient by purapinc. The presence of 
impermeable clay at high level (which was not rej>rudiK‘*Ml in the original sec^ 
model) was evidently responsible for tlic boil**. To stiidy this more 
iterongly three typical sections D, E and F in Figure 4 (*.30 * r‘ik**Ti and 

i^isied on sectional models. 



: ..PiRUte 4 C.35 : Showing arrangements of experiments on sectional seept^ 
model {Bamapadasagar Coffer darn). 


SECnONAL MODELS 

These modeb were constructed one after another to a scale of 1/400 inside 
a aee^ge tank 6 feet long X 6 inches wide X 2 feet deep. The set up is shown 
in Fignze 4 C.36. The front side of the tank was glass which facilitated ya^ 
rfwecvation of seepage lines. The cross-section selected for study was fa^ 
Myreproducedinthemodel. The sandy bed was reproduced insievedsaMoT 
80-40 mesh having a co-efficient permeability of 30*3 fort per hour. (3ay, 
rock; coffer dam section, etc., which woto assmmed imjreTmeable were all put m 
cement. There were arrangements for cont’-olling iipstresm and downsfet^ 
water levels for siphoning out water from each of the well points introduced on 
t he slope and for measuring the water collecbnl at each outlet. 
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EXPHRDIERTS 01 SBOnOlAL MOIXELS 

Sevecal nuos wdte made with these models. In all these upstream water 
level was maintained at downstream water level at — 160. ' ^fhai 

the well points were not fimctioning there were slips on the slope. These codd 
be prevented by depressing the saturation gradients^by siphoniog out water 
at the well points, ^veral combinaiuons of sections were ezamined inoiderto 
determine ^e beat arrangement for each condition, namely, the miangement 
which involved the least consumption of power for pumping. The results are 
all ^imished in Tables 4 G.13, 4 C.14 and 4 C.15. 

SECOHD ESPEBIUmiT ON FULL HODEL 

With the information thus gathered, observations on the three dimensional 
model V. ere resumed. Too protection was provided for the sand slope cutting 
and well points at various poHitoiis weru operated. The slopes remained stable 
and by th 3 judicioa.s operation of the ~.rell points the saturation gradient could 
be depressed to the extent necessary and a most economic consumption rf 
power for dewatering ensured. 

DlSCOSSrOS CF RESULTS 

We have already observed ’ liat toe protection a.id pumping underneath the 
slope r.vf- rocofisruy for ma’nt.'iining the »«h>pc3 of excavation stable. A 
reference to Tables 4 C.IS. 4 C.14 and 4 (J.IO gives some indications of the eco- 
nomies of prmping. FrcmTable4C.13 it may be seen that the minimuni 
power was eoiisi:mi3d when piunping was resorted to atlower levels, vk., pumps 
3 and 4. When pumping was restricted to 1 and 4 the power consumed was the 
maximum. This was in spite of the fact that pumping at lower levels involved 
eonsiderable lifts on the delivery side. In the higher elevations the amount ef 
pumpage required for obtaining a small depression was overwhefaniB^ 
large. The best arrangement will be to have the well points in the regions wh^ 
iloatations may develop : by this arrangement the saturation gradients cira he 
kept well below the safe limits. .Obtaining the sameresultby pumpinghighK 
up is not economical. In the sectional m(^el in which bed rock was kept at— 
200 and downstream water level at — ^70 and upstream water level at 4-100-9, 
we had seen that seepage (prctotjpe) per foot run of the Cofferdam was 0*14 
eusecs. Ob.'-ervations made on the three dimensional model in the first experi- 
ment, I.C., before the w^ell points were introduced indicated a total seepage «f 
307 • 6 eusecs (prototype). In the second experiment, i.e., after the introduetiom 
of well points along the slopes considerable change in the total seepi^ was 
observed. A closer and more detailed study on this is necessary and wiD be 
made in doe course. 


COHCLUSIOliS 

(t) In determining the stability of the slopes of the excavation agaiast dKpe 
tike lock and clay contours underneath the sandy surface have a marked 
fiotBoe when they are near the surface. 
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(ti) In lihe 'Wesb Coffer dam Trench the slopes cannot be 
stable by mm’ely giving a flat slope or by providing berms. Pumping at variooa 
sedaons along the slopes should be resorted to. 

{Hi) Pumping from wells at elevations where boils may appear is essential 
for depressing the saturation gradients. Pumping at higher elevations will be 
unnecessary and uneconomical. 

(tv) Toe protection is essential for the entire length of the excavated slope. 

(v) Seepage as calculated &om the sectional models works out to 0*14 te 
6'07 cusecs per foot length. The total seepage for the full trench as obtained 
on tbe three dimensional mo.dtl is about S .<0 to 400 cnsec.s. Assuming this 
entire seepage to have occmied within the leugth (2,550 feet) covered by the 
cellular Coffer dam the average seepage per foot run werla oat to 0* 12 to O'lfl 
(msecs. 


TABLE 4 C.13 



» Jk— T*ln« <»iieot8a to CMfWJMi Miii4 vdPg tte of (t) >hr« iy 

f«Se^ Mod. 
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TABLE 4 C.14 
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TABLE 4 C.16 


I 

Conditien 

Quantities pnmped 

l^vel of water at 
each well point 
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mSOUBSION BY THE BESEABCS COMMITTEE 


Mb. Kcthamml’ introduced items (1) and (2). 

Mb. Gole remarked that in item (1) the scour pattern A'a.- stated tw 
gLve:m the selection of a geometrically similar model in preference to a verti- 
caOy exaggerAted model. The scour at the Coffer dam would frjtnally 
depend cn the flow condit.'ons of the riser which necessltaied a vertically 
exaggerated model. Coffer dam experiments were carried out f«r the Lower 
Sind Barrage at Eotri and it was found necessary to hav? a vertically 
exa^erated model to reproduce the. correct flow conditions. 


Mr. Ghotankas said that on page 9 of the Madras Report it hao been 
stated that the whirl-pools were inconspicuous in the smaller model because of 
viseous effects. Actually the Revnolds’ Xiimber with the lowest and tins 
highest discharges rcu^ly worked our to 8.O(!0 and 17.000 respectively which 
was well above the critical value and so t::e vl : us efieets did ret prevail. The 
correct reason for non-re;jroduct:cuapj,''-ar ,dt: f... ^ a "eum-'t really 

similar model in placj ci'a v'irf;'*. llv‘--v'’ Ir. « wh-ire 


there were rigid struciuii ? reij'iirj'ti gi-Kmatric."".] 
requiring vcrt’ic&l f* rg i: rko I.ost ^r.y wfr 
already bcic-n r po..\.cti in tho Annu.il p - .V- A : 


s]milr;tiry i:: .oi.’ 2 jJ. k!"' ::.l•l)icl 

to tiilV'iit !i C''! nT’i ' u’s,' ,0.* hi'! 
KiA- rif •''.VM.!:.’:. 


Rao BAiujiiut .TocLriiAi*. icr or;- rL .; .-..r-, t-:.i i.r.-i t'l be 

reproduced, vertical tsnggiiation v as ..ijso;.. . 1/ uoArsar. 

Db. Uppal rofeiTUjg to the vertical distcrtin:i srvid that D’’. Ross would 
bear, him out that this was a very slippery matter bocauss no matter how 
small tbs distortion was, it was di.r.cult to control and the conclusion could 
not be stated as definite. 


Mb. Eotttaiimu in reply said that they had carried out the geometrically 
sirailar model test but they found that they could not reproduce the bed move- 
ments. The werk wa.s still in progress. They had corisidcrcd su^stions 
fer vertically similar model but due to the limitations of space and discharge 
they could not adopt it. 

Db. Boss said that there was no rigid hard and fast theory about tho 
vectic^ distortion of models and that seme sort of distortion in the model was 
raBetimss found to be necessary. Referring to the slopes for the normal river 
odadition without Coffer dam he said that the .surface fall obtained in the model 
was about 3* 17 leet per mile compared with prototype valu« of two feet pet 
mile. This led tc the conclusion that some part rf distortion was nec.'ssaty which 
give similarity to natural conditions. 

Tk was decided that the subject should continue to remain on the Agenda. 


DlfiCrESICIT lY 3EE IC/ID 

The Sbgbetaby said that two items wi-ro discussed at the Research Com- 
mittee Meeting (page 797). Them was no rc. ;t'n u 



5C. Dam Appurtenances 


FBELIUmARY NOTE 


Tu,'.' inti‘ 0 (l.xi.‘t (l ibr t’ki* first time in 1947 with the following 

BiiWifiMi'S : — I 

i Iidot iv!t'i outlet works i/''/ Tounels (iii) Conduits and penstocks, 
f.«l Fi^h Passf.'s (?’) Ctlier works. 


.i) [niel and outlet Works 

'll-itj ■.«*> rtc co.i:r:b.it;on or discussion under this sub-head at the 1947 
^iesewi Corfirc'tt-v '■'u-. 

i&jcee' i 


f 1 ) IVartiO'iif, J. K. and ’ Pound, ' 1 . J.- -Coaster yate and handling eqiup' 
joentfo; r^rm autittS o.ir>cl.iifo ,' i Sha r'. Da u — Transactions of ihe Aiuericaa 
Societ.;' of Mochy uioal En-iue-'i-:-. Yoi. <5 Xo. 0, Ajml 1940. 

JU' 3.d!. .J \V. and HoruiU'f. D. J. f ivdratjlio Engineers, Bureau of Be- 
tilaniat oa. Er.i:v*h of Disi-jn and Construction, Dimver, Cob,, U.8.A.— The 
develop ueY,o:!Tis/h~II o! Oi rbt Vai«s~The Se.-cfid Y.xtting of the In- 
teriiixtjijud Aiioi ’irio.' A;r ay'.l.\iuiic StTncMWi ibr-eaich I'toeithobn, 1948 
Paper No.''}. 


TUE YEAR’S WORK . 

The it<?ms were discussed at the 1948 Beseazoh Conmiftte* 

Meeting 

vl) Ramapadasagar Dam — driver outlets and density conents. 

<2) Bumping of plus 12 gates in Kri.«hnarajasagai* Dam, 

a 

(1) ItAlSAPADASAtlAB DAM-BI7EE OUTLETS AND DENSITf 

CDBEENTSM' 

The design of the Kainapadasagar Dam was altered intrcduci^ a 
munber of sand .?luice.s j.nd reducing the spillway length. The new and faal 
design ’cooHisti't] of the following ; • 

Spillway— Ifi v-^nts of 1 35 feet / 28 feet each, 

Sandysluices- lO feet x20 feet— 160 Numbers, 

Sill of saud sluices — \-QZ’0. 

B^riments were taken up on a model of thi < design with a view to test its fM* 
foimance in the several aspects of design and specially in the dispossd of denisty 
eonents. A method was evol ved after a series of trials of producing “ density 
ennents ” whose characteristics could be measured and recorded. 

f>) Irri(»tion B««Mr«h Statifni. SlatW, Autnal Rejpart, 1947, pagw 80-91. 

soe 
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The model was constructed to scale 


1 

100 


and was fitted up in the three feet 


-wide glass flume. The model was fitted with its upstream face 15 feet awajr 
fix>m the flume head. This enabled good examination to be made of the 
currents approaching the structure, by %isual observation through the glass 
sides of the flume. Sand was packed downstream of the model tn represent 
river bed on which nature and depth of scours could bt* 


Near the head of the flume was kept a large drum on un t*levatvd piatform. 

. A mixtuie of locally available red earth with xrater in faio wn proportions slight- 
ly coloured by the addition of potassium permanganate w.h kept in the drum. 
Glass and rubber tubes taking offfrom this drum were dipp^-td in the flume and 
by siphoni:* action the dense solution could -Mniocted into tie at 
plc.eo a.id wime desired. The solutioa issued oat in the form of a do v:l and slow- 
ly moved towards the dam modol. Its .-^psed. iioes o" low .. j^mJd all be 
observed af*d r4^co?de(i. 


(g) EDffiPIKG OF PLtf 3S S’ 

, 2 ; 

Tho .jecs of h, ,,u Tl-iijf.'S 1 iv: u\ the Ir:*h:urj ja.-’agar 

Dam. Ci:c iet is Ltat :d : c 1 2 feet and Ino Ouhec ufe 50 feet .. 1* jve the average 
bed of the i iver. The s-ji con^Isr.? oi eight sluices, eacii /ent measuiiag six 
feetin widthby twdvefeeLinb'Ufk":*. They nr? gmerdly no* operated when 
tic dej-tli of water over tlieir clli exceed-i ’^0 feer. 


IIjv piu> J‘i sluices though in operation from 1914, have not been obscOTed 
tt^ thron out iinv silt. Soundings taken in summer 1945, do ii4;t inilicate 
accumulation of silt in front of them. There is also practically no deposition 
of at the junction of the river with the reservoir 25 miles upstream of 
thedans. The.semayb <Iiie to the fact that silt is all held up by five aniouts 
alKive it. 


i'ht sluici* .ent.s are all rectangular in shape with no bell-mouth openings. 
Immediateh" after the ^ates which have been installed 10 fi*ot from the front 
face of the dam, a drop 0-56 foc^t has been given in the floor of the tunnel. 
The vent opening is spanned over in rear of the gate with semi-circular masonry 
archo. Each \ *-nt is fitte*! with Rtouey's free roller patented tj-pe gate. 

These gates have been in service for nearly 30 j^eais. Almost the sev^c^ 
dfileots noticed in their working the gate^ when raised eight feet above aiQ 
upto 10 feet are found subjected to very hea \7 vibrations and are alternately 
thrown forward and backward. This phenomenon is called the Imiapmg or 
banging of the gates. This causes heavy vibrations in the body of the 


(*} Hydnalio Research Station, Krishnaxmieeagar. AnntiftI Repoit, )S47, IO-3tk 
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producing an awesome chattering sound. This was bruu^ht to the notice 
of the znanufactnrers Messrs. Ransomes and Rapiers. After studying th^ 
working, Sir Wilfred Stokes, their JIanaging Director suggested the following 
remedies : — 

(o) To bell-moiith the dutraiiee to the culverts either by cutting away 
the masonry, or the addition of an upstream bell-mouth projecting into tfe 
reservoir. Both the<5e proposals s^em to be costly and difficult. 

(6) The formutiou <if ua air vent in the skin of the sluice say, of a gauge 
12 inches by 3 inches closed on the upstream face by a hinged flap arraug^ 
so as to be water-tight. 


{Cj ■. 

me Li*. ' ’J'-" . 

strcaTn'I.^. 
th'i (L'Wii*-!.: 
sfercr.in gL?; 


. liic nr of The djrtl^'ii'ry v;oa 
.gov’-cadr/.ebotno::! g* 

4* iiiiCz <4. 

4, . V. 

.;t '...i: - ! - 4- 


.1 be the irovisiou oi two or 
t?. li'Liijh ’-iV Tsasojiof the 
: rorcat. :'-’3 gz't'5 (ia 

. . 3-ick up- 

^ . 


Tii Vie tars yrnjrit .r^ s*.:'' ; 1 '.ic: .r, inio the 

effcr.iii; po-ii-ij.. c.i^i .v. ; “ ed a .d ’‘he:; the tlia- 

char^^o co-efficients haii Cvds^d to be of iTica. 


(d) Ail ui:i_iijativc method of dealinj with this difficulty would be te 
provide bumping blocks or distance pieces which ;vould restrict the movemaiili 
of the gate up and dovmstreanu 


Uni«^ the rollers and paths are already w^orn out unevenly there would 
not be any dSffir.ulty in applying this treatment. If, however, the wear n 
already considerable, it will not bo possible to reduce the clearance enough 
to prevent bumping and without causing t he new parts to stick when the gate is 
lowered to a position where the wear is less. 


The suggestion of the firm to insert a gas pipe to study pressures was 
found to bo impracticable as the space between the gate and gate castiu^ 
was not more than 1/S inch. There was also the probability of the pipe getting 
crushed due to water presBure and closing. 

The Meehaiiical Engineer, in charge of the gates, in 1943, thought that the 
jet of diaoharjife issuing from the sluice vent when tin* gate is opened to the criti- 
cal height. siickN in air into the. well, wlieh whil- attempting to escape oai 
• bakes thy gate itandingin ir? wuj. Hj’, th.ii» •'•ro, pi-oposed cutting in a&‘ 

entry ofan- by closing all the Of-euing t,. r,> aluice w..]!. Thw was tried witKoi* 
Bucceai in Juue 1947. 
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Tlie prosert Exocative Engineer (1947) in charge of the gate thinks the 
formationofthcvacnumitselfas suggested by Sir Wilfred Stokes is doubtful, 
as, when the gat ^ is being raised continuously from its closed position, water 
from the reservoij* rushes through the small clearance betw-een the lintel niece 
and th^‘ skin plate of th-' gate and spills down on the top of the gate. This con- 
tinues to happen rill the top of the gate is below tlie landing in the masonry well 
on the upstream side. But when the gate top above tlh- landin a le vel Vater 

gets stored up on the landing for over two feet riepth. Thi-i is a clear indication 
that the sluice vent in front of the gate is all fillefl up with water upto the 
lintel and even 8 feet above ; and that no \'acuum exist? as apprehended . The 
bumping action of the gate is not, therefore, due to the vecuum in front of it. 
He had a doubt that the bumping of the uate n^ay bo caused by the roller frame 
lagging behind when the gate is being raiser]. The water hitting exposed jior- 
tion of the roller frame Ijelow the gate may c-a u*-**- tilting. The rem ?dy suggest ■ 
cd was (1 ) fixing the ndler frame end at the I »f »t un to the rocking roller » so 
as to move uith as little friction as possible, (2) deadening the velocity of the 
water at the roller frame bycreat inga chamber with shield plates on the exposed 
surfaces and (3) using deflector> in front of the side grooves to deflect away the. 
current and leave the roller frame free from water action. The fiist one wa.s 
found to be impracticable under the existing circumstances. The siv^oud sug- 
gestion has already been adopted for tht* other sluices supplied by the firm. 
The third suggestion of deflecting the current i^s not possiM#> and it also lessens 
the co-efficient of difichari^e. 

In July 1947, to find out if any relief from this bumping could be had by 
making the roller train move at the same rate as the gate, the gate was pulled 
out clear of the vent and also the roller frame. The irate and the roller 
frames wer** then tied together and low'ered. Ko relief from bumping was 
observed. 

The Director of the Hydraulic Besearch Station is of the upiniou that 
the bumping of the gate is due to the turbulent action of the water in front of 
the gate whi(;h mak^? its effect felt when the gate is dipped in water for only 
about one foot or so. 

An experiment vt'as < andneted with a steel damper screen being towered 
to the front of the ventoueninginoneofthe plus 12 gates. It was observ- 
ed while raising the gate, that there was absolutely no vibration of any kind 
even after raising the. gate beyond the lintel t,c., 12 feet high. But while 
lowering it wa.s found that the gate would not go down below the tenth foot at . 
which level it began to jumn up and down and the steel rope also cams out of the 
sheave ; with f om ^ effort, however, and making the gate move down suddenly, 
it was finally po.? '.ible to lower tho gate to the bottom. After final examination 
it was found that the plate was too long and that it projected into the vent a 
little beyond t?’>* sill and with the full flow of water, the plate practically acted 
as a fluid oil! nnd prevented the gate from going down until the plate aetualiy 
got bent and distorted. The experiment could not be repeated as the reservoir 
level rose above plus 92. 
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UN" aK:-'!;.; I'li.s 


-• .■ .joovo 


V.'b.r -It .. ;■ !• : ' - ■ - ' 

thcTt ; i-' “■ ' ■ - V'"’’'?.’’, 

fraiTi t- 1 Ai; ‘.u . ' V‘i.' op (/itbjBlcice 

well prever-ting all acco. tn t-li' ^.nd t:.o Th’ ^^akago water 

irentoiiincreafuigtillthe}!atfwasrai8etito9'2f<?et ft’aeiiifc began co ohatter, 
Soction of air and dust from the well also went oa increasing till the gate waa 
miapd above 9 • 2 feet when the gate was clear of the jet of water shooting thcoogh. 
the s lu ic e tnnneL So also the leakage water stopped sprouting when ««Ge 
the gate was raised clear of the jet. This showed that as the Vena CoiUraebt 
of the jet began to be defined more and more clearly as the gate was nised» 
the suction in the well began to increase indicating vacuum conditions ia the 
space between the ceiling i-f the sluice tunnel and the surface of the jet of dis- 
dbrge. Bubbles of water could be seen breaking up as the leakage sprouted 
above, showing cavitation existed in the flow. The presence of pitted sur&cos 
also cflwfiitna this view. In all gates operating under heads above about 
feet {atmospheric pressure minus frictional losies), the water filaments will have 
to fatke very sharp turns wht'n they are passing beneath the 1 i-ittom of the gates, 
at e^rtai" critical heists of openings which are just insufficient to allow ucufona 
ftwa*" lines to be formed. When the water ffiaments take very sharp benda 
eavitation has to be expected at those regions as the velocity will be very great 
and radius ofturning very small. (Fr is constant) Pitting is therefore, in- 
variably noticed in all gates operating under high heads. Where no bell-: 
month openings have been given as in the present case, cavitation areas be- 
4 Some large with consequent setting up of vibrations. The remedy asems to- 
He in giving correct bell mouth opt-ninfis to gates. Steel damper plates toe 
•Iso helpful in minimising turbulence. 


DISCUSSIOII BY THE BE:E.'i£CH CCDOSmEE 


Kt. T. P. Kcttiammu introduced itcn (1) 

Mr. N. S. Gr.viNDA Pao introduced item (2) and said that the gates 
frlii'U rai’.ed < ght hc-t uboVe (ill tvad up o ten "eet v b attd vitUntly. They 
Were , ulte; nail ly thruwn foiwaid rjid bad ward. That phenouitnoa was 
toUed the bumping or h';Lgirg or chattering of the gates. 

Various luggestiocs were put forward, am ng ethers, some by Massen 
Ran on i.aul P.uT ic — ^the, r. anufi; turc’, to lim-dy the defset, but so far 
mn.'* had ^•u.cceJcd m cKdicuting the t oublc. The r-uggest ons included (1) 
p’o.'i ion ofkl.'R u the gates, (2) pro vi .ions of a pr. jeeted plata klow the 
bo .tom of the gate. 

Tn all patfsoperafng under heads r.b've 25 feet (a^m sphcr'c p’essure 
mmuR frict'cnal los es) the water filvn ento would have 1 1 take very sharp tuiBS 
when iHibting hcuci^th the b ttrm- of ihj g<ate8, at ce tain critical heights 
•peuiugs nrlucb were just insufilcieDi to a low unL'onn stteamlines to be formed. 
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eii;AaliOG aaa ;o ; c 

' 4t 

iiivr.:';a'-;.I/ m.-lki-fl ;n cJl gate*i 


When the 'rrscsi' fi’aijviit.c t. /. . I.-- 

In tho»j region;-. Pittli..^ -.i!; .' e, ^ 

operating under hi A head.:. Y,'h.co no i Oi-tsuEgi hal leen given aa 

in the case under consideration, eavitatiun areas became large with consequent 
•etting up of vibrations. The rejr.e iy .«eemed to lie in giving correct bell- 
ODOuth. opaiingb to gates. Steel dani[ er plates were also help&l in minimising 
turbulence. 


Fnztiier experiments, he said, were under prc^ess.- 

T. P. Kuttiammu said that 3Ir. Qovinda Eao had supplied a very 
interesting and instructive note on ‘‘bumping of gates eir’*. They would 
ttgaety watch the progress of his studies on the subject. 

Study of the note showed that, no doubt, the reason for the bumping os 
vibration in the case was hydraulic and not mechanical. When the gate wa* 
dowly lifted, there would be shooting flow in the first instance which would 
develop into a submerged standing wave later on. There was no streamlining 
of the en^, the barrel inside was vaulted and there was no provisions f(W 
setatton in the upstream and downstretun sides of the gate. A.11 these were 
conducive to the development of abrupt changes in pressure and result in 
vibration. In modem designs the outlet was given a beU-mouthed entry and 
die barrel was made rectangular and uniform in section or eli^tly converging, 
towards the downstream end and ample provision was made for aeration. 

He would suggest that a large size model of the sluice be made with glasa 
vdndows for obseiving flow conditions inside the barrel and plenty of 
fnezometer tubes for obtaining pressure at various parts of the structure! 
Possible improvements could then be studied on the modsl. This should 
include remodelling of entry and barrel, and aeration on botli sides of the gate. 

Bn.. H. L. Uppal said that inch holes stopped chattering in Bonaef 
T3Ie Dam gates. ’ 

Bn. N. £. Boss enquired as to how the vacuum was formed behind tba 

Ml. N. S. Govixda Rao explained the creation of vacuum by means of 
illustrations. 

Mb. M. li. Soon suggested that a pipe could be fitted from the top whk^ 
opened into the vacuum portion. . 

Me. N. S. Ootinda Rao explained the diCEiculties in the working of sndi 
• pipe. 

It WES Cocited to ictEind tLc calj^t cn the EgmJa. 


r BCussioiT r Y ife bcaed 

The Secretary said that two items were discussed at the Research Com* 
autiee Meeting. There was no resolution. 
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(ii) Tunnels 

pbelhonast note 

There was no contribution or liiscnssion at the 1947 Research Committee 
meeting under this snb-heail. 

Recent Literature. 

(1) Match H. W. Water for New Mexico desert^Westem Constmction 
News, Vol. 20, No. 9, September 1945. 


THB YEAB'S WORKS 

DISCUSSION B7 TBE RESEARCH COfiOnTEEE 

There nns uo contribution under this subject and nodis(ni.‘<sion. (It was 
decided to ret *!n the subject on the agenda). 

DISCUSSION B7 TBE BOARD 

The SECBETARy said that there was no c-ontiibntion and no discussion 
.It: the Research rommittee Meeting. 

The Chaiemax feao Bah.1lDUB A. R. Yekkatachabi enquired wither 
there were any tunw Is in Bhnkra construction and what was their estimated 
poet. 

Rai B.uiAm.'K L. ILimt replied that 2 tunnels had been proposed. 
The cost of each tunnel including equipment would be about Rs. 3 crores, 
length 5.000 feet, diameter 50 feet —lined with 3 feet thick concrete. There Was 
f o h(* one tiuinel on either side of the dam, the tannelling was in sand stone. 


iii) Cenduit^ and Penzdneks 

PBEIOHIHABT NOTE 

There was no contribution or discussion under this sub-head at the 1947 
Research Committee Meeting. 

* 

Recent Literature. 

(1) Wamock J.B. and Pound H.J. — Coaster gate and handling equipment 
for liver outlet comluits in S.ia.'>t3 Dam — ^Transactions of American Sociefy of 
Mechanical Engineers, Vol. (58, No. 3, April 1948. 

(2) Hamon, Ingenieur, A. M. and. B. I. H., Prance — Esssds de la conduits 
torcce No. 3 du barrage do I'Aiule (Penstock No. 3 tests at Ai gle Dam). In- 
ternational Commission on Lstrge Dams, Third Congress, Stoc:^olm, 1948, R 41. 
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THE TEAR’S WORE 

XKBKnJSStOH BY ITHB RTOngATtmy COMIOXIEB 

There was no contribution under this sabject. 

It was decided to reftatn the sabject cm the agmida. 

(iv) FISH PASSES 

PRWTiIMniABY lS(m 

This sabject was broo^t on the agenda of the Beseaich Committee in 
1947. A detailed preiimiaary note was pat np at that time. The Board 
approved the following resolution passed by the Research Committee last year. 


"Resolved that the Board is of the considered opinion that in the 
constmction of protective river woihs, dne consideration shonldbe 
paid to the fishery resources of the waterways, by conducting faunistic 
and economio sarveys of the fisheries. ]b view of the proposals 
to construct a large number of dams in tire coontry the committee 
detires that irrigation research stations should undertake work on 


Yortiier* at the 1947 Board Meeting, the Secretary e^lained that in 
February 1947 a letter was received from the Indian Coundl of Agricultural 
Research, stating inter alia that the Sish Committee (of the Indian Council of 
Agricultural Research) at its meeting held in October 1946 considered a note 
submitted by Dr. S. L. Hota, former Director of Fishmes, Bengal and 
reoommmided that the attention of the Central Board of Irrigation tiiould be 
drawn to the necessity of fortign study of fish passes and the scientific subjects 
related thereto. The Council also supported the view. Se requested the 
Board to consider the recommendation. 

The Ptetident said that there was no doubts that contideraUe work on 
fiah had bem done in Rn^and, Amenoa and Australia. Before, however, 

a man could be sent abroad, study be made of the work done already and of the 
specific problems awaiting solution. He should then be given a clear direction 
of what he should study abroad. 

After some discnstion it was detided that a note of the robjeot titould be 
prepared in the Board’s Office, and the Indian council of Agncultnral Research 
informed of the action being taken. 

A note has been prepared and the same will be placed before the members 

of the Committee. 


M21GBI 
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The following item was discussed at the 1947 Besearch Committee fiketing. 

(1) Problems of cultivation in irrigation and hydro-electric zeseivoir- 
bj Sunder Lai Hora, Director, Zoological Survey of India, Benares. 

Recent LUeralure. 

(1) Dams and Fisheries— Central Board of Inrigation Journal, VoL 4 

Ho 2, April 1947. ’ 

(2) Hora, Sunder Lai— Construction of dams and rivers fidieries— Cenkal 
Board of Irrigatiou Journal, Vol. 4, Ho. 1, April 1947. 

(3) Hora, Sunder Lai— Collection of papers on fish passes and fish control. 


THE YEAR’S WORK 

DISCUSSION BY THB BESEABOH OOMUHTEE 

There were no contributions under these subjects and no dinrmaatAn 
It was decided to retain the subject on the ^oida. 

A BEDSP NOTE ON THB WORK OP PISH PASSES SO PAR DONE AND 
PROBLEBIS AWAITING SOLUTION 

BY 

Captain P. R. Ahuja, P. S. E. L 

Dejnay Secretary, Central Board of Irrigation. 

DEFINITION 


Fish-ways or fish passM are channels, series of poob or similar hydraulic 
sljudures constructed to aid fish in overcoming obstacles in 
obstacles can be natural, or artificial e.g., weirs and dan^n , " 

A large volume of work in connection with the design and construction 
of fisbpa^ has been done in England, Scotland, Sweden, Belgium and Ameti- 
ca. The basic common requirements for any fish-ways are : 

(») The size of frro cross-section to be suflScient to allow swimming move- 
ments considering the size and the nnmber of fish namg the fish- 
w&y • 

(ti) The hydraigo ^nditions mnst be of snoh a naWe that the passage 
kJridS of theweak^ 

(«t) quantity and chamcter of the flow and the placement of the 
fish way shouH be such that the downstream end will be easily 
accessible and also easily discovered by the fish. ^ 


to inspect .od far cKryin* 
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Modem fi^-passes may be divided into the follovring types : 

(1) The pool type, consisting of flight of stepped pools and often lefened 
to as a ladder. 

(2) The steep channel type. 

(3) The fish lock. 

(4) The fish lift or elevator. 

Each of these has its advantage and disadvantages, and its own particular 
hydraulic problems. 

In both pool and channel type of fiah passes the main problem is the dis- 
sipation of the energy developed in such a manner as to provide smooth 'water 
'with sufficiently lo'w velocity of flow as will permit of the fish s'wimming 
against it in their passage upstream. 

POOL TYPE 

In the pool type of pass the pools form a series of steps ; the energy at 
each step must be so disrapated that there may be no appreciable velocity of 
approach at the opening to the next pool. The pools may be coimectedby 
notched overflow weirs or by submerg^ oriflces. 

The view is largdy held that the larger the pools and the smaller the size 
between them ; the more efficient the pass will be whilst this is true to some 
extent, it forms an uneconomical basis for deagn. The pools of a fish-pass 
serve a double purpose. On the one hand they are intended to diFsipate the 
energy generate by the fall, which spends itself in turbulence on the other 
to provide areas of slack -water in which the fidi can rest. Economy "an be 
effected by designing the pools for fist purpose only and meeting the second 
by the provision of large pools at intervals. The investigations have sho'wns 
that for energy dissipation a larger 'width of pool is unnecessary, and that by 
jet deflexion the length can be substantially reduced. 

The pass with notched weirs is less suitable where considerable quantities 
of silt or fine sand are present in suspension as there is a danger of the 
pools becoming silted up. Again 'this is also less suitable where 'there is a 
considerable variation of water levels, between head and tail, or even at head, 
alone. Under such conditions the pass with subme^ed orifices has got ad- 
vantages o-ver the weir type. 

In rivets with gravel beds, there may be a tendency for the orifices to 
become blocked with gravel, and this has been regarded as a draw back to 
submerged orffices which otherwise present advantages over notches. 

Extensive 'use is made of model experiments before evolving a fish pass for a 
paridcular tote. 

As a result of huge scale extensive exgpeiiments on model fish passes the 
pool type caiiied out in the Imperial Goll^ of Sdences and Tedmolr^ »uth 
Kenzangton, London fi»m June to Decembef 1945 by Dr. C. M. TVhite, a design 
was developed incoiqKizatmg a tyioon shaped hollow in 'the floor of the 
partmentB downstream aide' of tht orifice, ^ orifice being so arranged that the 
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flow from it is directed downwards towards tlie hollow. This ensured effec- 
tive diq>e(rsioa of the water issuing from the orifice and resulted inrelativelj 
quite and firee from reveise flow conditions in the pool ; this later condition is a 
great advantage as the fish have a tendency to align ^emselves against the 
flow and thus lie facing downstream in the pool if reverse flow were there. The 
scale of the model was one-sixteenth full size and the difference in water 
level between pools cortespended to one foot six inches. The fish used for the 
experiments was small Trout which swam from pool to pool without difficulty. 

THE STEEP CHAEEEL TYPE 

This can be sub-divided as below : 

(1) Steep channels with amplified baffles (with or without pools) 

(2) Steep channels with side baffles. 

(3) Steep channels with upward deflexion of jet. 

(1) This pass consists of steep channels usuiJly with slope of 1 : 5 with 
resting pools between. Baffles protrude from the bed usually at slope of 45° 
and rise upto the Full Supply Level. They are of simple design and 
can be readily constructed as precast reinforced-concrete-slsbs. Sharp 
edges are avoided and the surface finished off to a reenable degree of smooth- 
ness. The whole of the energy is dissipated in the channel and the sole 
function of the pools is to give a testing place for the fish. The pools should 
have a Tn i nim u m size of 10 feet long by 10 feet wide and 5 feet deep. This type 
does not provide for much variation of head water level. 

The variation of head water level can be best provided for by a series of 
pools with submerged orifices, thus tnalHug a combination of pool type and 
channel fype passes in which the channel serves the normal hei^t of the pass 
and the pools provide for the vuiation of headwater level. 

(2) Steep channels with side baffles. 

This type is roughened only on the sides by baffles, and there is no limit to 
depth. Where thm is a moderate vanation of water level, say of the order of 
6 feet, this type can be advantageously used. 

This form^ of channel, detigued by Belgian Denil, has the characteristic 
that the velociiy remains nemly constant with a variable depth of flow. 

This t;^ oon^ts of a plain channel with vertical dia^ragms at suitahle 
intervals dividing it into a seiiM of pools. The diaphragms commence at 
some hei^t ficom the bed thus leaving an orifice whose width is tho width of 
the channe l and the height the one at which the diaphragms commence. In 
eac^' pool is a cross baffle at the bed about 6 inches high with, an upward slope 
whkih defiects the jet upwards. Though this type is described as a channel 
its djazactenstics ate those of a fii^t of pools. Increase in the depth of 
wator in the chaimel will not effect the quantiiy of flow,' as this is deteimmed 
by the sue of the orifice wd the |}li between the pook. 
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Variation of water level : — ^If the headwater level rises with a corresponding 
riseinthetailwater level, a deeper channel will be required, but the flow will 
remain the same. If the head water level rises while that of the tail water 
remains constant, then the length of the channel will have to be increased and 
the depth will be increased at the upper end and taper down graduaUj to the 
lower end. 

This form of pass is, therefore, adaptable to a variation of water level to 
the same degree as a pool pass with submerged osnfice. 


FISH-LOCK 

!]^e fish-lock consists cf a vertical tower with an upstream orifice counect. 
ing with the headwater above the dam aud a downstream orifice connecting 
with the downstream approach channel. The water enters the upper orifice 
and flows out through the lower one. Plrovided that the head and tail water 
levels remain the same, the water level in the tower will be constant, and this 
level will depend upoathe relative sizes of the orifices. Both of these must 


The fish attracted by the current in the approach channel, will swim 
up and enter tie tower, hut the velocity through the upper orifice will be too 
great for them to pass through. When a number of fidi are gathered In the 
tower the lower orifice will be closed by a sluice, the water level in the tower will 
rise and, under the reducing head, the velocity, though the upper orifice will 
decrease un^-fl a point is reached at which it is low enough for the fish to pass 
through. The filling of the tower can be accelerated if a sluice is attached to the 
upper orifice which can be opened up as the head reduces. 

The orifices can thus he made of equal size, the upper one being throttled 
down to regulate the flow and gradually opened up as the water level rises. 

In a hig^ tower there is the possibility of fish attempting to pass through 
the upper orifice against too great a head and becoming uxmecesE^xily exhaus- 
ted. It will, therefore, be preferable for this orifice to be protected by a suit- 
able grid and other orifioes provided at higher levels, which can be opened when 
they have becxnne subm^ed, to enable the fish to pass through. An alter 
native to the grid, which is likely to he safer for the fish, is to allow the upstream 
orifice to dischar^ into a weU covered by a grating on which round pebbles are 
placed. The water will enter the pool by filtering upward through the pebbles. 

Variaiian of water levd : — ^If the headwater level varies, accompanied by a 
oorrespoiriUng variation of tail water level, then the relative sizes of the two 
orifices will remain the same. If, however, the head water level rises white 
that of the tail water remain constant, then the upper orifice will require to be 
further throttled dowm Provided that the two orifices are submerged below 
the minimum tail water level, then the two sluices will give complete control of 
thelockfor any variation of water levels 
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The fish lock is trell adapted to a high pass, mth or without a large vaiia- 
tioii of water level, and under such conditions it is econonucal. Its diawbad; 
is that it requires the constant attendance of an operator when the fish ate 
using it. 

The Fisheries Division, Scotish Department have developed a fish-way of 
tcwer ctim pool type of rather unusual construction. In th& the pools rise 
spually inside a concrete tower standing within the reservoir. To allow for the 
varying level of the reservoir, each of the upper pools is provided with a sluice 
controlled orifice giving direct access to the reservoir, l^e lower end of each 
of these fish-ways runs through a tunnel at the base of the dam to the pool 
where the fish congregate on the downstream side. 

FISH-UFI 

A fish-lift or elevator has been used in America at hi^ dams. The 
fish swim into a chamber through which water is r unni ng. The inlet and outlet 
ate then closed and the chamber or tank is lifted bo^ly to the uppa level 
opened for the fish to pass out. A lift is useful at a high dam where the rise 
is too great for any ordinary pass or even for a lock. 

From a study of literature in connection with the fish-ways available in 
this office toe fed iJuU no single design can suit ciU sites and varieties offish met 
with, and that each project site needs a separate thorough study and investigation. 

The investi^tion on the subject may be divided into the following three 
parts; 

(a) a study of the habits of various kinds of fiab, 

{b) the capacity and strength of various kinds of fish to progress throng 
different velomries and falls etc., 

(o) the design of the fish-pass to obtain conditions required mde (a) and 
(6) above. 

The investigationB under item (o) ate purely a matter for the zoologists. 
In the foreign countries such investigations have been carried out for Salmon, 
Trout and Bel, riie common varieties of fish met with in those countries. 
In Indfo, ^wever, mostly Hilsaw fish is found and it isnecessary to carry out the 
invwtigarions with regard to riie habits and bionomics of 'this figlt and other 
varieties of fish of economic value found in our country. In fact it is most 
essential that a fish survey cf the river far arvy new project should precede any 
attempt to dcsigrt a suitable ^h pass for the same. This, among others, should 
comprise investigatioiis of : — 

(«) the type of fish met with, 

(it) their habits and bionomics, the period of ascent and descent and 

(»»*) situation of their spawning grounds. 
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It is gratifying to note that such lesearch has been undertaken in Bengal 
although this will prove useful for that part of the country alone. 

As regards investigations under item {b) a deeper insist into the problem 
of effort required by a fish is absolutely necessary and the three main phases 
of this can be defined as follows ; * 

(1) a study of the hydraulic properties of various fish-ways by measure- 

ment and observations on small models as well as on the full 
scale fish-way with appreciation of general laws of fiuid mechanics, 

(2) a study of the relations of fish effort to the properties of flow, 

(3) determination of the limit of effort of each different spe<nes. 

The success and coned design of the fish-pass as ntentioned in item (e) page 
9 wSl depend upon the degr^ of <sorrect)iess of the data obtained under items (a) 
and (fi) with dll ihetr vmpheations as mentioned dbone ; and this wiU bepurety a 
matt&rfor engineers. 

Besearoh on the mechanics of fish mevements and design of fi^-passe?j 
combinii^ both biological and hydrodynomical problems is being carried out in 
the United Kingdom at Cambridge by Professor Grey. It would be advanta- 
geous if a suitable student engineer or an official is sent there to study the 
methods and the apparatuses required in this connection, who will on return 
be in a position to conduct similar research and experimentation for the various 
projects in this country and thus help in evolving the most suitable design for 
any particular site. 

It will also be advisable if the Engineer who is deputed abroad is supplied 
with all the information regarding the working of the existing fish-passes on 
dams and weirs in India. This should include (1) type of fish pass (preferably a 
complete plan), species of fish usmg it, its worlong and further remarks and 
suggestion for improvements, if any, as a result of espmience gained by the 
local officers. 

In some oases after a result of fish survey we may even find that there is no 
need to construct a fish pass at alL Such would be the cases where the commer- 

value of a particulu type of fish destroyed be not of much significance or 
where a rtificial spawning and hatching groimds for the fish could be introduced 
downstream of ^ obstruction. This has been done in the United States of 
America, on the Columbia Biver below the Grand Coulee Dam. The construc- 
tion of this dam threatened the river fiaherira with oonsicLrable losses because 
of the habits of the Salmon. The height of the dam, the irrigation pumping, 
and the long stretch of impounded water formed an unsurpassable grid obstacte 
to migration to the upper reaches of the river what to mention of the impossi- 
bilities of even getting the yonng fish back downstream. Induced migration to 
other branches of the river was, therefore, resorted to. The findin g of new 
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spawning giotuids, its p^ftT»T^^^lg and opeiation of lilie hatcheries is described 
Dirk A-Dedle in the article “ Preserving Coltunbia Eivor Salmon Pkheries ” 
in the April 1943 issue of the Civil Engineering Magazine published by the 
-American Sodety of Civil Engineers. 

OONCLUSIOHS 

(a) No usefiil purpose will be served at this stage by sendii^ an officer to 
study just the fish-passes built in the foreign countries because ; 

(1) it is essential that a fish survey of the river for any new project 
should precede any attempts to design a suitable ^ pass, 

(2) no single design can suit all sites and varieties of fish met with, and 

that each project site needs a seiiarate thorough study and investi- 
gation, 

(3) description of most of the passes built is available in the Board’s 
Library and can be easily referred to by any body interested therein. 

(jb) To enable us to be in a position to find out the nautical propeiries of a 
fish, study of the apparatuses used for carrying out sucherqperimeutsousdeuti- 
fio basis is absolutely necessary and for thm somebody may be deputed to go 
and work in U. £. at Cambridge under Ptofissor Grey. 


mSCUSSIOK BY THE BOARD 

The Sbcbbetabt said 'that there was no discussion on the subject at the 
Eeseafch Committee Meeting. Begazding the reoonunendationsof the 1. Cl A. B. 
on the necesstiiy of foreign study of firii passes and the scientific subjectB 
related thereto, the Board last year decided that a note on the subject should 
be prepared in the Board's office. A note had been prepared by Sbri P. B. 
Ahuja, Deputy Secretaij of the Central Board of Irrigation and had been 
supplied to the members. The conclusions were given above and the Boai^ 
nodj^t deride the adion to be tsikan. 

Mb. B. B. Hamba was (Xf <^iDion that no usefol purpose would be served 
by sending an r^Boec abroad to study this problem. 

Diwab Baeaddb N. Govinbaxaza Atyaboab said that on theTonga- 
bbadra Pcoject fish passes were requited to he provided by the Pishmies De- 
partment but they had not collected any data about the life history of the fish 
tiieie. So long as tins data were not available they could not know anytbing- 
tiwut the chamcteiistics of the fish. He thou^t that Bs much data as posrii- 
bift and statitics of fish habits should he crilected. 
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Rai Bhadub S. K. Guha wislied that people study feh problems here 
first. The provincial Governments also be asked- to consult the Fishery 
Department. 

Db. N. E[. Bose said that he had seen how this work was done in America 
and London. Fish ladders were meant for file fisL There was winnti of 
hydraulics in it. The fish had got certain instincts as men have. They did 
not like certaia things such as turbulence, falling water elc. All these mi ght be 
studied also in a laboratory. 

Rai Bahadttb 0. L. Banda stated that so far as high <lam« wer^ 
concerned they were not provided with fish passes. The problems, therefore’ 
did resolve themselves in the low barrages only. Punjab had already construct- 
ed certain passes in consultation with their Fishery Departments. The fish 
passes provided at Bonner Villi Dam were also good enou^ to be adopted. 
He was of the opinion that it was a problem which was manageable by the ex- 
perience and talents in this country. 

It was decided that it was not necessary to send any one abroad for the 
study of fish passes. 


(V) OTHER WORKS 

pbelihinab? rote 

Recent LUerature. 

(1) Suleiman, Hamed Bey, B-Sc. (London), A. M. Inst. C. E. Under- 
Secrtaiy of State for Public Worhs and Lehavsky Bey, Serge, Ph. D., M. Inst. 
C.E.MXS.0.E., Director, Designing Service, Reservoirs and Nile Barrage,— 
Observations of the movements of the look wall of Aswan Dam — ^International 
Commission on Large Dams, Third Congress, Stockholm, 19A8, B3. 

(2) Bourriot, E., Ingenieur, E.N.P.G., Fiance— Rupture d’une voute 
dessai (Breakdown test of an arch)— Litemational Commission on Large Danas, 
Tiurd Congress, Stockholm, 1948. E40. 

THE TE&B’S WORK 

Ihefolbwing items were discussed at the 1948 Research Committee 
Meeting : 

(1) Ramapadasagar Dam sand sluices. 

(2) Ranoapadasagar Dam shootmg bucket and hi^ level sand sluices 

(1) BAMAFADASAGAB DAH-SABD SLUICES (*) 

ABsiB&cr 

The tentative deeten the Bamapadasagar project provided for sandstnices 
10foetx20 feet with centres atdiOinthehodyol the s^Qway. It was ptcvosed 
to have one snbh sluice under every fourth span of the spillway. Thewnking 
fA the Mnice with difieient levels of sand bed upstream and downstream and 
under different conditions of s^Dway and sand duice disehaiS^i was dmdied on 
part model (ff the dam. Gives lesolts. 


( 1 ) Inigation Beseaioh Stafdon Madras, 1947, pages 86—91. 
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HYDBAUUC PABnCDUJSS 


A cross section of the spillway including the sand sluice is furnished in 
Figure 6 C.l, Relevant hydraulic particults axe as follows : — 


Crest level of spillway 
F.E.L. (t,e., top of gates) 
M.W.L. downstream 
L.\V.L downstream 
Bed level upstream. . 

Bed level downstream 
Centre of sand sluice 
Size of sand sluice . . 
Invert of roller bucket 
Radius of bucket . . 


.. +170 
.. +198 
. . +90 
.. +43 
, , +0 to + 40 
. . +0 to —20 
. . ±0 

. . 10 feetx 20 feet 
.. +24-0 
. . 80 feet 



THEUODEL 

The model was a sectional one made to scale 1/100 and fitted up within the 
large glafs sided fiume of the Research Station which is 3 feetwidex3‘5 fee 




Rgure 5C.2:- Showing model setup of Ramapadasagar Spillway Sand Sluicies 
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deep and 36 feet long (mde Figure 5 C.2)— Water supply to the flume is drawn 
from the static tanks direct and controlled by sluice valves and overflow spills* 
Arrangements are provided for proper stilling of the inflow, for adjustment of 
tail water elevations, for feeding the model initially from the tail end and for 
measuring water depths, standing wave profiles and scour contours correct to 
a thousandth of a foot. The sand used for packing on both sides of the model 
was clean sieved sand passing through 14 and retained on 18 mesh per inch. 

The model itself was made of well polished teakwood. It was provided 
with one sand sluice in the centre and another just near the glass face. Th® 
latter was operated for making qualitative observations on the nature of flow, 
dc.y and the former alone was operated in all experiments when quantitative 
data (such as scour contours) were taken. Excluding a large number of teat 
runs and qualitative studies, a series of 14 experiments was made. These were 
made with different upstream and downstream water levels, with different 
initial bed levels upstream and downstream and under conditions of crest gate 
raised or lowered. The scheme adopted is given in Table 5C.1. In each ex- 
periment the period of run was 3 hours which was found sufficient to yield 
stabilised conditions upstream and downstream. 


TABLE 6C.1 


BafmpadMcyar—Stvdies on Sand Sluices. 





Scheme of experiments 



Experiment No. 

Upstream 

water 

level 

Down- 

stream 

water 

Wei 


Down- 

stream 

bed 

Bemaths 

L_ 

1 


2 

3 

4 

5 

6 


wm 

B 

4- 135-0 

+43-0 

0*0 

-20-0 

Sand sliuoe opened. 



B 

4-198-0 

+43-0 

0-0 

—20-0 

Overflow. 



B 

+170-0 

4-43-0 

0*0 

—20*0 




B 

+170-0 

+43-0 

+40-0 

-20-0 




H 

+198-0 

+43*0 

+40*0 

-20-0 

Overflowing the dam. 

6 



4-198-0 


+40*0 

-20-0 

Do. 

7 



+170-0 


+40*0 

—20-0 

Do. 

8 



+198-0 

+43-0 

+40*0 

—20*0 

Dram gate in ercoi 
position. 

9 



+198*0 


+40-0 


Do. 

10 



+198*0 

+43*0 

0-0 

—20*0 

Do. 

11 



+198-0 

+90-0 

0*0 

0-0 

Do. 

12 



+198-0 


0*0 

0*0 

Do. 

13 



+198*0 

+90-0 

0-0 

0.0 

Do. 

U 



+198-0 

+43-0 

0*0 

0*0 

Do. 
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OBSERVAnOHS AKD DlSCimOHS 

In the qualitative studies the design of the sluice barrel 'nas tested and 
fcund to 'work satisfactorily. 'When the sluice alone was discharging, the jet 
left the duice in a dire and created scour on &.& bed downstream. !Ehe sand 
upstream was drawn gradually in a semi-cone and carried forward beyond the 
scour. There was some deposition downs^aam in some escperiment due to lack 
of sufficient tractive force in the current. This may not happen in the proto- 
type. 

'When the spillway waa also dischai^g, the sand duice jet was practical- 
ly overpowered by the roUess of the spill The scour occurred more on acoonnt 
of the spillway dischai^e than of the sluice discharge. Scour upstream 
sluice did formas it hadformed with the sluice alone wcrUng, only it took more 
time to form. It was observed that : 

(а) b any of the combinations tested there was no scour upstream with 
the initiaUy moulded to ± 0. The sand sluices could not be effective in 
scouring out bed load below the sill level 

(б) With the bed upstream initially moulded to-j-40 the bed scoured to 
the shape of an inverted sami-oone ■with its apex at sand sluice riU and ha'ving 
the sides sloping to about 1 vertical to 2 horizontal. This occurred practically 
for all combinations of flow. 

(c) With the sand sluice alone discharging a deep scour m the form of 
semi-ellipsoid formed downstream of the dam immediately opposite the iduice. 
The sand scoured out got deposited on the ades or got waAed down below. 
The depth and size of scour varied 'with the head of discharge. These scours 
went down to about — 50« 

(d) With the spillway also discharging there was scouring but not of such 
concentration. The scomned bed went down to about — 60 for extreme cases. 
With high tail ■water level the scour was much less. 

CONCLTISIOII 

The design of the shape and dimensions of the sluice wrae all li^t. 

^ These sluicea could not scour out sand deposited upstream except' to a 
limited extoat. The scouring adumi on deposdted sand on the bed immediate- 
ly trperixeam of a sttlice was limited to an inverted semi-ccmd lufring its apex at 
^e mQ of the shiice, and sides sloping 1 vertical to 2 horizontal (nearly the an^e 

The effeofaveness of the shtioe should lie in di^osing of the roDuig and 
suspend^ silts as and when they approach the shuces; this would bo govmned 
by the discharge passing through the sluice. 

advisability of having a ■very krg” number of shiices ■was clearly in- 
dicate^ The sills could be kept high enou^ to permit of bdi:^ operated dnr* 
JMf first foods. This would also obviate the shiice mou'th bemg blocked by 
depoaticm of silt in oouise of time. 
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(2) BAUAPADAS&OAB DAH— SHOOTHTO BUC^BET Aim wwff 
LEVEL SAND SLmCES («) 

ABSTRAtT 


Th 0 oxigiiiftl designs of ibe Bamapadasagai SpiUway Dam were m«Aa with 
the crest of spillway at + 170*0, F.B.L.‘at 4-198*0, bncbet kTert at 4-24*0 and 
sand dnice centres at +0. Various aspects of these designs have bcea tested on 
hydranlic modds and reports describing the tests gmniahafl. TtwaM gfaiSiafl 
and a few other condderations led to certain alteratums in the design which was, 
ihardore, proposed to have the following hydraulic partienlais 


Crest of the spillway 

Bnchet invert 
Badins of bnchet 
Tip of bucket 
Centre of sand sluice 
Size of sand sluice vent 
U.W.L. downstream 
L.W.L. downstream 
Bed Level downstream 


4-180*0 
4-200*0 
4-74*0 
50 feet 
+81*0 
-f54*0 

10 feet X 20 feet 
+90*0 
+43*0 
+ 20 * 0 


This design tested <m a nsodel to see the functioning (A the buclmt and 
sand dnice undervarious conditionscdfiow and thedevdopneDtcdscoursdown,* 
stream. This report d<»cribes these studies. 


KODEL 

The model was a sectional one made to scale 1/100 and fitted iq> within a 
glass dded finme 3 feet X 3*5 feet X 35 feet having airangements for water 
simply at constant head, for control of tail water levels and for measuring 
water surface profiles and scour contours correct to a thousandth of a foot. 

The model was made of masonry and plastered smooth. The fiume being 
3 feet wide the ^iUway modeb represented a length of 300 feet in prototype, 
but no piers were introduced. One sand dnice vent was provided in the cen- 
tre and another near one of the sides. The latter was operated only for visi^ 
observaiaons and the former alone was operated whenever an experiment in- 
volving quantitative measurements was taken, up. 

Downstream of the model sieved sand passing through 14 and retained on 
18 mesh per inch was packed to a depth of 13 inches with its top oonespondiitg 
to plus 20. 

The model' was operated for various conditions of water levels upstream 
end downstream and for various combinations of fiow over the spillway and 
throng the duice. In each case the period of run was 3 hours which was 

(*) Researob StallRl, Uadnw, Awud Report, 1947, panes 91— 9C, 
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found to give stabilised scoutc downstream. Water surface elevations were 
traced during the runs and scour sections or contours were taken at the con- 
elusion of the same. 


EXPEBIHEMTS 

Excluding a large number of trial runs, the following experiments were car- 
ried out : — 

Experiment No, L — Spillway alone discharging with maximum water 
level upstream and maximum water level downstream. 

Experiment No, IL — Spillway alone discharging with maximoiu water level 
upstream and low water lev^l downstream. 

Experiment No, III , — Sand sluice alone discharging with msi.jamnm water 
level upstream and maxinanm water level downstream. 

Experiment No, IV , — Sand sluice alone discharging with maximum water 
level upstream and low water level downstream. 

Experiment No. 7 , — Spillway and sand sluice discharging both together 
with maximum water level upstream and maximum water level downstream. 

Experiment No, 7J. — Spillway and sand sluice discharging both together 
with maximum water level upstream and low water level downstream. 

The water surface profiles, and sections and contours of scours obtained 
in these experiments were observed. A few salient features are discussed below. 

« 

FLOW GHABAOTEBESneS 

The spSIwaj dischai^ issued bejond the tip of the bucket in a shooting 
jet for all conditions of flow. Its crest was at plus 98'4 wbicb is less than 10 
feet above the downstream maximum water level. The shoolung jet dived 
down stdkiDg the river flow at a point 100 to 200 feet downstream of the bucket 
tip depending on the tail water level at an angle inclined about 15 degrees 
with the horizontel. A low standing wave was formed here creating secondary 
waves travelling downstream. There was not much disturbance, upstream, 
i.e., between the point where the jet struck the water and the buck^ rip. 

The sand riiuce was observed to run full when under the Tnafimtim head 
and the discharge issued beyond the alnice in the form of a gravil^ parabola. 

When the sand sluice was worked along with the spillway overflow there 
was no bad effect on the flow characterisrios. 

SCOUB 

Where the shooting jet s^ik the bed, scour started and devdoped up- 
stream and downstream. The ground roller gradually built up a sand slope 
towards the backet. With nmximum water levd in rear this slope was brought 
to the very rip of rirs backet. At the rip there was no farther movement 
and hence no bkelihood of abrasion. With low water level in rear the sand 
slope ooold not rise above the water level and the downstraau face of bucket 
was absoktely unaffected. 
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Wbm the saiid sluice was operated alone, it created a scour directly op- 
posite. Wlien the sluice, and spillway were both discharging, the fcoux was 


The extreme normal conditions were those tested in Experiments I, IV 
and V. In these experiments the deepest scours obtained were— 7‘4,r- 30 and 
— 15 re^ectively. Experiments 11 and VI should be considered as exception- 
ally rare conditions. Even here the worst scours were —56 and — 40 respective- 
ly, On the whole the depth of scours might be treated as not too great. In 
previous eaperiments with 30 feet, overflow and plus 24-0 bucket the deepest 
scour with TnaxiTnuTn water level upstream and downstream was — 8. 4. With 
maximum water level upstream and low water level downstream the scour 
went deeper than — 100. 

C0N(3<USI0N 

The dftsig n tested was found satisfactory. The crest of the shooting jet 
was at plus 98 • 4 and the deepest scour for the worst posable case was at — 56. 


DISCUSSION BY THE KESEBBCH COMMllfTEjs 

Mr. T. P. KuTTiAMMtJ introduced both the items and said that these and 
other studies on the Bamapadasagar dam design showed how the design was 
improved step by step by model experiments. At this dam the problem of 
exclusion of silt ficom the reservoir was of utmost importance. In the first 
detign they provided, about forty sand sluices of 10 feet X 20 feet size with 
centres at-1- 0 ».e,, near the bed. They found that the efficiency of the sluices 
lay in the c[uantity of muddy water disposed of by them. That called for a 
larger number of sluices. Eighty sluices were next proposed and finally this 
number was raised to one hundred and sixty, and this was contidered necessary 
to dispose of all the normal floods. 

When these tinices were kept near the bed there was the likelihood of their 
being blocked up by sDt, The centres were first proposed to be at -f-O next at 
+64, and finally at +93. In the final design the bucket and the sluioes were all 
kept above M. P. L. in the river. Discharges over the spillway and through the 
sluices were to leave the bucket in shooting condition. As there would always 
be water to a depth of 40 to 90 fee<- downstream this design was found satis- 
factory. 

It was decided that tfie subject should remain on the agenda. 

Diajussioiir Tsi the boabd 

The Secbetaby smd that two items were discussed at the Reeeatch Com- 
mittee Meeting (page 823). There was no resolution. 



6C. Spillways 


tWELOBSARY NOTE 

This subject was introduced as a separate item for tbe first time in 1947. 
Freviously discussion on the subject had taken place under “ Dams 

The Board at its 1946 meeting accepted the recommendations of the 
Research Committee that Shri Qanesh Iyer's paper on '‘Spillway Siphons”, 
be published as a Board publication after the author had made such additions 
and alterations, as he considered necessary. Shri Ganesh Iyer has not sent in 
the completed copy of the draft publication as yet. 

There are four main iypes of siphon spillways. One is the overflow 
spillway, the second is the inclined tunnel spillway, the third may be called 
shaft spillway; this includes what the Americans call the Glory Hole'* 
spillways, and the fourth is the Ganesh Iyer's Volute Siphon. 

The following i^re some of the features which require investigation : 

(1) Overflow spillways 

(а) Slope of crest for maximum co-eSBcient of discharge 

(h) Slope of glacis and cistern for minimum erosion below the spillway. 

(2) aud (3) Inclined tunnel and shaft spillways 
{a) Mutual interference 

(б) Priming head 

(c) Cc-eflScient of discharge 

(d) Cavitation 

(e) Measures against erosion on the downstream side 

(4) Ganesh Iyer Volute Siphon 
(a) Priming depth 
(fe) Optimum slope of funnel 
(e) Shape, number of height and design of volutes 

(d) Determination of pressures on various points in the components of 

the fuphon 

(e) Design of outlet and dissipation of energy below the outlet 

(/} Ma hematical theory for the flow of water through the siphon^ 

830 
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The following items were discussed at the 1947 Keseaxch Committee 
Meeting : 

Scour _ downstream of a five vented spillway dam for various 
combinations of shutter openings. 

Pressure distribution on Ogee spillways Tungabhadra spillway 
dam. 

Pressure distribution on the Bamapadasagar spillway dam. 

Co-efficient of discharge for the Bamapadasagar spillway dam. 

StUling basin for overflow dams. 

Boiler bucket for the Bamapadasagar overflow dams. 

Siphon spillways for Pahuj weir — saddle type. 

Preventing scour below Ganerii Iyer’s Volute Siphon Spillways by 
mutual impact of jets issuing from adjacent siphon outlets. 

Experiments on the effect of altering the shape and number of volutes 
in a volute siphon. 

Experiments on dissipating the energy of flow fiom volute si 'hons. 

Experiments on variations of co-efficient of discharge under varying 
degrees cf submersion of siphon outlets. 

Experiments on shafts spillways for tanks. 

Model investigations regarding the derign of Nagwa Dam. 

Variation of co-efficient of discharge with reservoir levels for full 
openings of sluices in Krishnarajasagar Dam. 

Basul Hydel scheme spillway s^bon. 

Bhakra Dam spillways. 

• 

Risceni Literaiure. 

(1) Sailer B. and Davis B. G.— Cnique caissons make spillway repairs 
possible at Grand Coulee— (Svil Engineering, Vol. 16, No. 9, September 1947. 

(2) Spillway enea^ dissipated on the face of a dam— Engineering News 
Becotd, Vol. 137, No. 24, December 12, 1946. 

(3) Model studies of Spillway and Bucket for Centre HillDam, Caney Fork 
Biver, Tennessee — -War Department, Corps of Engineers, Waterways Ex- 
periment Station, Technical Memo. No. 202-1, Vicksburg, Missi&sippi, August 15, 
1946. 

(4) Model study of Spillway Enid dam, Tacona river, Missmppi Wax 
Department, CotpsofEn^neet 8 ,U.S.Wakerwa 3 re Experiment Station, Techni* 
cal Memo. No. 2-223, Vicksburg, Mistissippi, Mamh 1947. 

miOBI 
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(.’») A^kuiS C. S.— Spcfcly repairs save Waco Dam spillway— Engineering 
X»;«s Record, Vol. 138, No. 12, March 20, 1947. 

(6) Model study of the spillway and stilling basin, Harlan County Dam 
Repniiii'-an Eiver, Nebraska— U.S. Waterways Experiment Station, Vicks- 
burtr, Mississippi, Technical Memo. No. 2-236, ^ptember 1947. 


{7) Use of models in design of spillways —Commonwealth Engineer, VoL 34, 
No. 12, July 1, 1947. 

(8) Liskovec Ladislav, Ing. The T. G. Masaiyk National Hydrological 
Institute, Prague.— .A special form of the spillway of a dam enabling the split- 
ting of the nappe and the dissipation of its energy in the stilling basin. — Second 
meeting of the International Association for Hdyraulic Structures Researeh, 
Stockholm, 1948, Paper No. 6. 


' The Year’s Work 

The following items wei-e discussed at the 1948 meeting of the Research 
Committee ; 

Battery of volute siphons. 

Saddle siphons for Lalitpur reservoir. 

Basic study of volute siphon. 

Automatic gates on Tansa Waste Weir, Bombay— experiments with 
half size model. 

Preventing scour below volute siphon spillways by ffliming out 
jets with dispersers and ledges. 

Scour downstream of a five- vented q)illw'8y dam. • 

Pressure distribution on Ogee spillways — Lower Bhavaui Spillway 
Dam. 

Co-efficient of discharge on Ogee spillways— Lower Bhavani Spillway 
Dam. 

Co-efficient of discharge for Tungabhadia Dam. 

Ramspadasagar spillway dam — effect of piers on co-efficient of 
dischaige. 

Spillway training walls for the Ramapadass^ar Dam. 

StUling haeun for Lower Bhavani Spillway Dam. 
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TangHbliadra Spillway Dam — ^fchree (liamexiaiona! models. 

Higb 00-efficient weiis foe ierigation tanks. 

Siphon spillways foimalae. 

Farther experiments on the dissipation of energy of flow from siphon 
outlets. 

Design of volutes da., in sphons. 

Experiments on the high head siphon at Shimsha. 

Further experiments on siphons with various funnels and outlets. 

Design of a hi^ co-effidmit wdrand s^nr preventer for the Tonga 
Anicut. 


(1) BATTEBT OF FOIiITlX SIFHOIIS (i) 

ABSTRACT 

An idea of a battery of v<^ttto s^ons of Ganesh type was 

advanced by tbe late Chief Engineer* Ifr. F. H. Hutchinson. He wanted thte to 
be tried at Laljtpnx zeservdr nnd« construction at the moment in Ihansi district. 
Zhou^ Gah^ lyw ffiphons are egsentially suitable for higher heads* these 
batteries were agreed np<m for this site as an azperunental measure. 

That the battery Would materialise into a practical poswhility was esteUtehed 
on a large 1/12 scab model made at Bhadrabad according to the dtedgn. It 
was dedgned to opeteite at a head of 26 feet. It consisted four vdtafesiplions 
dischaodng Onou^ a of gradually enpanding elltetieal section. This 

yteldsd a co-efflotent of disdiaxge of 0*68 and priming depth 1*0 foot. IBierewas 
some difficult/ in-perfect priming due to the oufM; being a bit too wide. Similar 


(^) United Provinoei ItrigaMon Beseax^ Statioa* TWgnw m Beeeendi PregtesB dining 
1947. pages 61 — 6S. 
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study OB alatteryliadalso beeucanied out at Aaosi with almost similar 
results. Tbe co>^cieDt of discbazge in that case was sli^tly lower. 

To perfect tbe d 3S^ oH sucb a battery basic study was necessary with r^aid 
to— 

(i) the best ^pe and design of tbe tunnel, 

(ii) optimnm spacing of TOlnte siphons, 

(iii) optimum number of volnte siphons. 

(i) SHAPE OF THE TUHNEL 

Three designs were tested on models to scale 1/24. 

(a) Gradually expanding ellipiucal section giving at the junction of each 
siphon the area equi'rolent to the number of -volute siphons upto 
that point, vide Figure 6C. 1. 

(h) A rectangular section in which sadden ezpanmons were provided to 
increase the cross-sectional area equivalent to the number of volute 
aphons upto that point vide Figure 60.2. 

(c) Same as (b) except that the sections were elliptical instead of rec- 
tangular, vide Figure 60. 3. 

The comparative model study of these tunnels yielded results with res- 
pect to priming depth and co-efiSoient of discharge vide Table 60. 1. It is evi- 
dent from the results that the priming depth for the rectangular tuimel was 
minimum in every case with different numbffls of volute siphons. In the case of 
the two elliptical types of tunnel the priming was pafect only upto a combina- 
tion of two volute siphons. With three and four siphons the priming needed 
a temporary obstruciuon at the outlet to make it run full bore. However, 
by extending the outlet by 33 per cent, perfect priming of the battery was 
obtained even -with three and four volutes.' 


As rega^ co-efficient of discharge, the rectangular tunnel was the least 
efficient having the lowest co-efficient of discharge with different number of 
volute riphons in the battery. The gradually expanding elliptical section was 
the most efficient in every case ; however, the co-efficients with rectangular 
tunnel vreae none too poor being only about 95 per cent, of the eliiptioal sec- 
rioDS of ranular design and 86 per cent, to 90 per cent, of the gradually ex- 
panding elliptical t^ of tunnel. , 


(0) OPTmOH SPACSrC of volute SIFHOHS 

Model studies on this aspect of the design were carried out by adding volute 
siphons one at a tame upto four numbers for each type of tunnel Tables 
6C. 2to60. 4. The optimum spacing -was found to be 48 feet for the maxi- 
mum co-effiliaent ei discharge. However, priming depth improved in every case 
with a nearer spacing. 


m oetfmm Kvasm of tolote saaom a baitisv 

M will he seen from Table 6C. 1 theoo-dffident of discharge deteriorates 
ocmsidenbly when a battery increases fiom 1 to 2 or 2 to 3. But the extension 











C.B.I 



Figure 6C.3:> Showing proposed design of a battery of four volute siphons with elliptical 

tunnel (Lalltpur Reservoir) 

Scaibsssss!^sssmssmiias=sssss==^!^ssmmmmmsssesijs% t 

No. 27J7 xoo fo* $0- 1. 210 {7.Z.O.). 
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GOSCLUnOK 

The working of a batfceiy is decidedly bei^r in comparison to the sin^e 
elliptical one which is likely to present abnormal stractural difficulties in 
adffition. 


TABLE 6 C. 1 


Serial 

No. 

Namber of 
volate 
siphons 

Priming 

depth 

Co-efficient 

ofdischaxge 


Gradually expand! 

ng elliptical tunnel 


1 

1 

1-60 

0*790 

2 

2 

1-S4 

0-701 

3 

3 

1-70 

0*667 

4 

4 

1*66 

0-6S9 


Bectaogular toimel w 

iih sudden expansions 


1 

1 

1*60 

0-790 

2 

2 

1*63 

0-64S 

3 

3 

1*48 

0-561 

4 

4 

1*43 

0-502 


NUiptical tunnel wit] 

h. sudden expansions 


1 

1 

1*60 

0*790 

2 

2 

1*94 

0*665 

3 

3 

1*64 



4 


1*58 


O'ses 
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TABLE 6 C. 2 


Serial 

! 

Spacing 

Priming ! 

Co-efficient 

No. 

between 

siphons 

{ depth 

i 

1 

of discharge 


Rectangular tnxmel with sadden expansions 


40 i 1-601 0*610 


2 

42 

1*488 

0*620 

3 

44 

1*512 

0-632 

4 

46 

1*536 

0*642 

5 

48 

1*582 

0*646 

6 

50 

1-632 

0*648 

7 

62 

1*704 

0*650 


Elliptical tunnel wit! 

1 sudden expansions 


1 

40 

1 

1*56 

0*635 

1 

2 

42 

1*51 

0-644 

3 

44 

1*56 

0-648 

4 

46 

1*80 

0*654 

6 

48 

1*84 

0*664 

6 

52 

1*94 

0*665 


62 


2-07 


0*665 
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TABLE 60.3 


Spacing 

between 

siphons 

Priming 

depth 

Rectangular tonne! with sndden expansions 

1 

40 

1*37 

42 

1*39 

44 

1*42 

46 

1*44 

48 

1*48 

50 

1*52 

1 

Elliptical tunnel with sodden expansions 

1 

40 

1*446 

42 

1*480 

44 

1*520 

46 

1*620 

48 

1*640 

50 

1*650 


Co-e£Scicnt 
of discharge 

0*530 

0*534 

0*558 

0*559 

0*561 

0*561 

0*552 

0*570 

0*573 

0-577 

0*580 

0*582 
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TABUS 6 G. 4 
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{ 2 ) SADDLE SIPHONS FOE LALIKPUB BESEB70ZB (^) 

Since volute siphon batteries are likely to prove expensive owing to deep 
excavation in hard rock, it was subsequently decided to constnicjt saddle siphons 
for this reservoir. They are required to pass 60,000 cusecs, with the available 
head of 20-0 feet. 


On the basis of experiments conducted for Pahuj Siphon (®) a 16 feet X 
10 feet saddle siphon was designed and tested in a glass model to scale 1/18 
vide Figure 60. 4. Crests of different radii were tried and the one which gave 
the optimum results as regards priming and co-efS.cient of discharge is shown 
in Figure 60. 4. Table 60. 6 gives the results of experiments conducted. The 
area of volute priming siphon has been kept 6 per cent, of the saddle siphon as 
suggested by Shree Ganesh Iyer in his paper presented to the 16th Annu al 
Meeting of the Central Board of Irrigation. 


TABLE 60.6 


Serial 

No. 

^ of crest 

Priming 
depth 
in feet 

Co. 

efficient 
of dia- 
chaige 

■ 

15 feet radios crest without lip 

1-50 

0*690 

2 

Do. with lip 1^ inoh . . 

0-72 

0-560 

3 

8 feet radius crest without lip 

2-75 

0-704 

4 

Bo. witlilipi^inch .. .. .* •• 

0-80 

0-650 

5 

10 feet radius crest without lip .. .. .. 

2*26 

0-6S2 

6 

BowithHplI inch.. .. .. .. 

0*72 

0-613 


(*) Uiuted Provinees Liigatioii Bessaa^ Statfoa, Beporl cm Besearch Progress dariog 
1W7, pages 66—73, 


(*) U. P. Tbobnioal Memorandum No. 17 page 59* 
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These inrestigations led to the adoption of design as per case 6 above. 
Hie discharge through one saddle works out to be 3,300 cusecs, and that through 
priming siphon 350 cusecs. The design is yet to be finalised with regard to th-t 
size of priming^and depriming pipes, and economical area of priming siphon for 
most efficient working. It was confirmed once again that although tiie area of 
priming siphon was increased to 10% of the saddle riphon, the priming depth 
continued to improve considerably whenever the nappe could strike the op- 
posite wall inside. The priming was all the better when it struck the lowest 
point and smoothly slipped out adhering to the roof of the outlet. All this is 
mentioned to justify the provision of the 1 J inch lip which seems essential in 
this type of design when the conditions demand minirnmn priming depth as in 
this case, the full supply level having been kept the same as hi^ flood level. 

Figure 60. 5 shows pressures inside the body of the siphon. Possibility 
of a little cavitation is indicated at the crest only. 


(3) BASIC STUDY OF VOLUTE SIPHON (») 


Basic work was conducted last year on Ganesh Iyer’s volute siphon to 
determine its outlet length for nuunmum co-efficient of discharge and wim'mnm 
priming depth. Further work was continued this year with regard to : — 

(t) Effect of diameter of the covermg hood on priming depth and co- 
efficient of discharge. 


(iV) Effect of variation of working head on the priming depth and co- 


(tu) Effect of variation of working head on the TnayirnriTti negative 


Drawing No. 25 ofU.P. Technical Memorandum No. 17 shows the design 
erperimented upon on a model, built 1/8 to scale. 

(*) Hood in the original design of volute siphon of 3*0 feet in diameter^ 
was 8 feet and this was gradually varied to 12*0 feet. The priming 
depth and co-efficient of discharge were observed under constant 
head. The results are tabulated vide Table 60. 6. 


I*) tbited Fiovineea Irrigation IReaeaxck Stotios, Beport on Reseafch Progross^ diiriog 
it.'!7,p8ge«8S~73. 




»•! No. 27S7 XOD (0*50 -l,2J0(P, 2,0). 
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It is clear tliat nia.-]riTnnTn co-effideut of discharge and ininimiim piimixig 
depth is indicated when diameter of covering head is 3 '33 times the barrel 
diameter. 

(»*) Effect of priming depth and co-efficient of discharge when the work- 
ing head was gradually changed, but upstream water surface was 
ma ntained constant, was studied on the same model. Table 6 C. 7 
shows the observations when the working head was varied ffiom 
lO'Ofeet to22'50feet. 

The graph indicates that as the head increases both the priming depth and 
co-effident of discharge reduce. Further experiments are desirable to confirm 
the above trend for higher heads. 

(iii) Variation of maximum negative pressure, devdoped as the working 
head was changed, was also studied on the same model. Table 6 0. 8 shows the 
above variation. The corresponding TnariTnum negative pressure is lower for 
lower heads and higer for the higher heads. 

The Ganesh Iyer Siphon seems more suited for hi^ heads than the low 
ones as, only in the former case, the maximum desirable limit of negative pres- 
sure 24 feet can be possibly attained. 


TABLE 60. 6 


Serial 

No. 

Diameter 
of covering 
Hood 
infeexi 

Hood 

diameter 

Priming 

depth 

Priming 

depth 

Co-efficient 

ofdis- 

chazge 

Bemarks 


Bane] 

diameter 

< 


Band 

diameter 


1 

8 

2-66 

0*400 

0*133 

0*706 

Diameter of the 
barrel of volute 
fiiphon is 3*0 
&et. 

2 

9 

3-00 

0*320 

0*106 

0*706 

1 


3 

10 

3*33 

0-248 

0*083 

0*708 


4 

11 

3*66 

0*288 

0*096 

0*707 


5 

i 

13 

4*00 

0*318 

C-106 

0*706 
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TABLE 60. 7 


1 

3. rial 
No. j 

i 

Designed [ 
head | 

Designed 

head 

Priming 

depth 

Priming 

depth 

Co-efficient 
of dis- 

Bemarks 



Batrel 

diameter 


Barrel 

diameter 



1 

« 

{ 10-00 

1 

3-34 

0*432 

0-144 

0*721 

Diameter of the 
barrel of volnte 
siphon is 3*0feet. 

o 

! 12-50 

4-17 

0*400 

0*133 

0*712 


3 

j 

; 15-00 

1 

6-00 

0*360 

0*120 

0*701 


4 

1 

17-50 

1 

6-83 

0*320 

0*107 

0*692 


5 

20-00 

6-66 

0*296 

0*099 

0*686 

! 

6 

22-50 

7-60 

0*288 

0-096 

0*682 



TABLE 6 0. 8 


Serial 

No. 

Working head 

Maxunxim nega* 
tire pressure 
head developed 

Eemarks 

■ 

10*00 

—11*68 

Upstream water surface over the crest of 
the siphon was mamtained constant. 

2 

12*50 

—12*24 


3 

16*00 

—13*04 


4 

17*60 

—14*64 


5 

26*0 

—17*52 


6 

1 

23*5 

—19*04 
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(4) ATITOMATIC GATES CHf TAESA-WASTE WEBR, BOMBAY, 
EXFEBlMEinnS Wim HALF STTB MODEL (*) 

ABSTBACT 

In order to provide partial relief against the acute water-shortage 
facing the Bombay city, it was decided to increase the storage capacity of the 
Tansa Lake by raising the retention level— and, therefore, the crest level of the 
wa^ weir— from E. L. 420-00 to E. L. 422-00 T.H.D.- (Town Hall Datum) 
by installing automatic gates on the weir wall. Experiments with 1/8 and 1/10 
scale geometrically-similar models were conducted in 1945 at the Poona Station 
to wUect data necessary for the design of the automatic gates (®). On the 
basis of these data the automatic gates were tentatively designed. Experiments 
contemp^ted with a full scale gate not being feasible at the Station, experi- 
ments with half size geometrically-similar model of the weir and the gate were 
made in the 8 feet wide flume. The length of the gate was, however, equiva- 
lent to 16 feet only as against 60 feet in the prototype. Eesults axe given. 

TH£ MOD£L 

The height of the Tansa weir is 130 feet. In the model only the top 20 
feet were reproduced. As the ratio of height of weir to depth of water in the 
model was not less than 10, the velocity of approach was ne^gible. 

The 8 feet wide flume had direct connection with the Lake, thus allowing 
any desired discharge to be drawn. Discharges up to 65 cusecs were run in 
several tests. The discharge passing over the gate was measured over a five feet 
wide standing wave flume, 50 feet below the gate. To even out the distribu- 
tion of water and damp down the turbulence, elaborate arrangements consist- 
ing of a combination of baffles, grids and cross-wall were provided with marked 
success. 

Accurate recording of water levels was done in a gauge chamber, 11^ feet 
upstream of the gate. 

Air vents were provided in the ride walls to be open to atmosphere through 
vertical shafts connected with the vents. 

REQUIBEIIEIITS AND PBOGSANDIB OF BZPERIKE»TS 

The gate was derigned to operate as soon as the water level rose/fell ja-?t 
above/below the rdention level (E. L. 422- 00) and, in its final position, to lie 
at an angle of about 4° with the horizontal at the highest water 

level of E.L. 422 *25. Actually, the dam section is designed to be stable at the 
imasimm water levri of E. L. 422-50 ; but a margin of 0-25 foot between the 
permissible and maximum water levels was provided in the interests of safety. 

(^) Gantral Waterways^ Irrigatioxi and NavigatioxL Besearch Station, Poona, Annual Bepoxi 
Teol^oal^ 1047, pa^os '153—164. 

(>) Indian Waterways Experiment Station, Poona,, Annual Report, Xefduxiotd, 1045»Item 11 
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The gate was lequlieii to escape the flood discharge equal to about6'45s 
I8’25 cusecs at the permissible water level 422-25 T. H. I). 

Au important requirement was that the gate should he sufficiently sensitive 
to close completely at the retention level so that there woifld he no loss of 
storage capacity below retention level. 

The following programme of experiments was fixed to test whether the 
gate behaves correctly according to design : — 

Experiment No. 1 . — To ascertain the exact water levels at which — 

(а) the gate starts opening ; 

(б) the gate is fiilly down ; 

(c) the gate starts returning ; and 

(d) the gate is completely shut. 

Experiment No. 2.— To ascertain the discharge passing over the gate 

when the lake level in the prototype is at — 

(1) R.L. 422-126; 

(2) EX. 422-250 ; 

(3) E.L. 422-375; and 

(4) E.L. 422-500. 

These experiments were to he done wUh and leiAcnU the anti'vihrations. 

Experiment No. 3 . — To determine and tabulate the water pressure curve 
on the deck platmg at three different lines on the gate and for the follow- 
ing inclinations of the gates with the horizontal : — 

(0) 52®— 30' 

(6r50®— 00' 

(c)'45®— 00' 

(df40“_00' 

(e) 36®— 00' 

If) 30®— 00' 

(g) 26®-00' 

(A) 20®— 00' 

(1) 15®— 00' 

(i) lG®-00' 

(A) 5®— 00' 

(1) 0®-00' 

Experir^ No. 4—To ebady the effect on the discharge and oper- 
ational behaviour of the ^te of different weir profiles with a view to obtain 
optimum conditbns in respect of discharge and aeration. 

R»m the model experiments it was concluded that; 

(i) The final deagn now adopted-ehown in Kgure 60. 6 will pass a mini- 
mum rf 4-7 sl3-3 discharge in the rising flood under fully amted 
condtbons, against 6-45 ^ 18-24 cusecs required. 



Niche in the side of the pier on downstream side 
(iFor providing aeration) Tested In expt.2 series IV 
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Under the falling stage conditions, with oerofed nappe, the discharge will 
be more than under rising stage conditions ; but still less than the necessary dis- 
charge at W. L. 422*25 ; while with unaerated nappe the discharge will be in 
excess of the minimnm necessary. 

To pass the required discharge of 18*24 cnsecs on rising flood the upirtream 
water level has to be higher, say, R. L. 422*40 T. H. D. 

[ii) In the profile of the final dengn, the resultant falls outside the middle 
third at section R.L. 365*00 withW. L. 422 *25 by 0*3 foot j.c. nearly by the 
same amount as in the original profile accepted by the Bombay Municipality. 

[Hi) It is not possible to say with certainty that the device which gives 
aeration in the model will give equally good aeration in the prototype (for 
reasons already mentioned), or rice versa. 

(iv) It has been observed that aeration is important for sensitivity i.e. 
the smooth worMng of the gates ; as, inter alia, the counterweight otherwise 
falls rather suddenly against the brackets. 

(n) On the other hand, unaerated conditions give a somewhat higher 
discharge. 


(5) FBEVENTIKG SCOUR BELOW VOLUIE STPEOR SFILLWATS BT 
FANNIBO OUT 3ETS WITH D1SFEB5EBS Alii) LEDGES (•; 

ABSTRACT 

Experiments were caixied out last year in which attempts were made to 
prevent scour hdow Volnte Sfiphona by maMog the high velocity jets hit each 
other at an angle f^}. This method of dispersion was not found gatisfac torr 
as the mavinnim dopth of SCOOT ondor these conditions was more than obtained 
with siphon jets issuing siia^bi or acting singly. 

In ezperiinents earned ont this year, jet dispersers, teiA and without a 
tilting ledge, we e fixed at the siphon outlets so that the jets were spread out 
evmily, and at the same time defteeted upwards at various angles, b^Cm 
impingii^. This resulted in reducing the intensity (d the jet and in lesser 
scours downstream. As anticipaied, there was a small reductioa in the coeffi- 
cient discharge. 


(*) Central Waterways, Irrigation and Kayigation Besearcli Station, Poona, Annual Beport 
Technical 1M=7, pages 165-166. 

(')lhdian Waterways Experiment Station, Poona, Annual Beport, Technical, 1946, page 91. 
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MODEL AND PROCEDUBE OF EEPERIMENIS 

Two volute sipton models, with operating head of 2’064 feet, ware used. 
The diameter of the vertical shaft was four inches. The bed downstream of the 
siphons was laid to a depth of two feet in incoherent sand of mean diameter 
0 ■ 4 m.m. In all the experiments, a constant water level was mainfaiTiAd np- 
strcam of the siphons and also over the sand bed downstream of the siphons. 
The siphons were run for a period of 10 hours which was found quite sufficient 
to give comparative results with the different dispersers tested though not suffi- 
cient to give final stable scour-holes ; because 90 to 95 per cent, of the ultimate 
S30ur depth is reached within 5 to 10 per cent, of the run required for the final 
scour and the rate of scour thereafter is very slow. 



Figure 6 C. l.—Plutographshomngjets in sijAons mth disperser, and a ledge 

at an angle of 0* 
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Figure 6 C. 8 : Photograph showing jets in siphms 
toith disperser, and a ledge at an angle of2ff*» 
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Figure 6 C. 9 ; Phdogra^ showing downstream bed after ten hours rm wiih iis- 
ferser, and a kdge at cm cmgle of4S*. 



SPILLWAYS 





Fignie 6 0. 10: Pkotograjk thwing gi^^ums leith ditjfeners, side ej^mon 
i:10(v^kdgenoimaim). 


^ese ezperitaentis have shown that the arrangements as tried in the abov^ 
experiments would substantially reduce the depth of scour and would make 
costly protective works on river beds unnecessary. Figures 6 C. 7, 6 C. 8, 6 C. 9 
and 6 0. 10 showing the fanning out of jets obtained with dispersers and a ledge. 
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(6} SCOUR DOWNSTREAM OF A FIFE-TENTED SPILLWAY DAM (») 

A set of three experiments were carried out to determine the relative ad- 
vantage of having rectangular or trapezoidal sta^ered blocks at the end of the 
apron. 

Scours obtained in the three experiments showed that scours were defi- 
nitely reduced by the use of staggered blocks. The difference in scours ob- 
tained for the two types of blocks used was, however, inmgnificant . Though 
generalisation from this one experiment would not be correct, it could be in- 
ferred that a slight alteration in the shape and dimensionB of staggered blocks 
would not affect their hydraulic efficiency and could be mfide if dictated by 
consideration of economy or structural stability. 

In Chapter III-C, pages 29 — 41 of the annual report of the Besearch Sta- 
tion for 19^, a series of experiments conducted on the model of a five- vented 
spillway dam was reported. These experiments showed the nature and de- 
velopment of scouts downstream of the dam for various combinations of shutter 
openings when the river downstream was level with the apron and confined 
between two masonry walls 6 feet apart in the model parallel to and symmetrical 
about the axis of the river which was normal to the dam. The studies reported 
indicated that, for the disposition of the river tested, namdy, with a level bed 
and symmetrical margins, it was best to open all shutters par%’ and uniformly 
for aUowing the desired discharge instead of a few of them fiilly ; in case only 
a few shutters were to be opened, it was better to distribute them evenly along 
the full length of the regulator and to prefer a synometrical arrangement of 
opening. 

These studies were continued with the width of the river reduced to 3^ 
feet measured parallel to the spillway and the side walls placed inclined 1:4. 
This represents a condition conamoidy met with in practice and the experi- 
ments could be expected to yidd useful indications. 

EXPEBmEMTS 

One e:q)eriment was carried out with all the five-vents open. All other 
experiments were made with two vents open in ten combinations, via., (1 and 2, 
1 and 3, 1 and 4, 1 and 5, 2 and 3, 2 and 4, 2 and 5, 3 and 4, 3 and 5 and 4 and 5). 
Snbsequently, a few experiments were carried out with side walls replaced by 
erodible soil banks. The scour contours obtained indicated that, in a situation 
similar to the one tested, the best method of regulation will be («) to avoid con- 
centration of flow towards the projecting (lef^maigm), (») to avoid as far as 
posable any concentration of flow on the other (ri^t) margin as wdl, (w) to 
ptefp opening of shutters near about the .centre slightly to the right and {iv) 
to distribute the opening in an even manna:. The basic idea again is ^e 
elimination or mitigation of lateral eddies. In our earlier studies, the 
eddies were caused by unbalanced opening of shutters ; in the present case, an 
additional factor has come in, namely, tiie obliquity of the margins. 


(*) Besearch Stotion, Madm, Annual Report, IM? pagea 10— Bi. 
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ERODIBLE XASGINS 

*A few of the experiments were repeated after replacing the airle walls 
with erodible banks made up of a soil contaming about 50 per cent, sand and 
50 per cent, clay and silt. The scours and erosions here developed into the 
maq^in but depths of scours got reduced. Izi other respects, the coztclusions 
above stated were found to tally. 


{7) PBESSDBE DISTBISUTIOH OK OGEE SPILLWA7S— LOWER 
BHA7AKI SHLLWA7 DAM i^} 

INTBODinmOlt 

Two profiles, present and future, of the 15 feet overflow section of the Lower 
Bhavani Dam are shown super-imp<K!ed one over the other in Figure 6 C. 11. 
The final profile is based on the underside of the standard nappe and the pre> 
sent profile is inscribed within this suitably. 

Both the profile had to be checked wilh a view to locate the possible de- 
velopment of negative pressures on the masonry and to search for economies. 
Possibilities of the development of negative pressures were present in both 
designs : in the ultimate profile, due to the extremely economic section adopted ; 
and in the present profile, due to the transitions formed at the junctions of the 
several curves. The pressures were tested on 1;’36 sectional models operated 
under M.F.L. conditions. 


‘ MODEL 

A model of the qiillway (final profile) to scale 1/36 was constructed in 
smoothly plastered masonry, fitting it up between the paraQel walls of a ma- 
sonry fiume 25 feet X 2 feet X 5 £%t. Piezometer points were introduced 
along the centre line of the profile. These points were connected by suitable 
tubings to a manometer set up outeide the flume waQ. 

The flume took off &om a stiiling chamber to which water was supplied 
at constant head by means of inlet and overflow valves. 

Before starting an observation the manometer tubes were all filled with 
water, air locks were sucked out and correct level in each tnbe, corresponding to 
zero pressure at the concerned point was carefully marked. Water was ^en 
let in and when M. W. L. conditions were obtained ahd kept steady the rise 
or drop as the case may be of water level in each tube was measn^. The 
study was rqieated for confirmation. 

The model was then altered and remodelled to the present profile and dmilsr 
observalaons were taken. 


(*) Irrigation BeBearcb Station, Madias, Annual Report, 1947, pages 46— 48» 
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PBESSUSE OBSERVED 

The pressures veie observed on the two models and the foUbwing features 
were not^ : — 

(0 The pressures everywhere were zero or positive ; there was no native 
pressure anywhere. 

(it) Just below the crest tiie pressures were very nearly zero along the 
snr&ce of the final profile. This indicated a highly efficient desi^ A co* 

efficient of discharge slightly exceeding 3-9 (in$=C£fll) could be expected. 

(i«) The pressures were of the order of 1 to 3 feet of water in the gumA n. 
gion for the present profile. The co-efficient of discharge would be about 3*8. 

(ii) The pressures became zero in the re^on of 880 for the present pro- 
file. liiis was due to the change in the curve in the region. That the pres- 
sures had not fallen below zero was an indication that the <lAaig n ^i^as sound. 

(v) On the whole boA the desigm were soxmd and economic. The results 
could treated as of basic value applicable to similur designs adopting Cheager’s 
profile. 


(8) CO-EFFKflBiNT OF DSSCEL&BOE ON OGEE SmiiWAYS-— LOWER 
BHAVANI SPnj:.WAT DAM (»>) 

raTRODncnoH 

Ke®)meter studies made on the two profiles present and future of the 
16 feet overflow section of the Lower Bhavani Dam were described in item (7) 
above. The profiles being of a basic design it was considered /lAmiy . l>| A to 
obtain their co-efficients of d^arge by model agp«riTnAT>t ff. Several experi- 
ments wtsK carried out in this coimection of which only one set is described 
below. 


MODEL 

The models were made to scale 1/60 and were fitted in a long masonry 
flume one below the other and discharges were measured in a well volumetrically . 
The modd of the future design was fitted 27 feet firom the head of the flnwiA 
that of the present deagn 28 feet downstream of this. The models were kept 
at such levels with, respect to each other and the flume was provided with such 
sta lling arrangements that the approaches to both models were smooth and 
straight. At the end of the flume was a calibration well 12 feet diameter, 
6 feet deep in which the water passing over the models could be collected mid 
measured. Supply at the head of the flume was controlled by dnW valves 
and kept constant by means of overflow arrangaoiaits. The depth of flow over 
each modd was measured in a guage well located 6 feet upstream by mAai^n of 
pointer gauges having least count foot. (**) 

(**) Itrigation Research Station, Hadras, Annual Report, 1047, pages 48— SO, 




Figure 6C. 1 I Showing coefficient of discharge [Lower Bhavanl Spillway Dam] 
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obsesvahons 

For any patticnlar experiment a certain disohaige was let into the AnmA 
and kept steady. The depths over the two models were measured the 

taken for fillin g a certain depth of the measuring well was noted on a stop watch. 
Ohservarions conesponding to overflow depths of 5 to 15 feet were made and 
repeated many times. Allowance was made for head due to velocity of ap- 
proach. 

One set of values is furnished in the table and in the graph accompanying 
Figure 6 0. 11 Iteferring to these the following inferences were noted. 

COHCLiraiONS 

(o) For tile fi n al profile) which follows Creager’s design, the co-efficient 
of discharges increased from 3-6 for a head of 7-6 feet to 3*93 for the full de- 
signed head of 15 feet. 

(6) For the present profiOie the co-efficient rose from 3-56 to 3-88 for the 
same range. The reduction was due to the departure from the Cteager’s profile. 

(o) For design purposes a value of 3- 88 could be adopted. 

(d) The results could be treated as bs^ic and adopted for BiTwilnr ilaHigna , 

(9) CO-EFFICIENT OF DlSCHAllOE FOB TMOABBAJDBA TlAur (U) 

ABsmCT 

Studies made at Poondi on models of Tunjabhadca Dam to scale 1/48 
have been draerited in the Annual B^rt for 1945. Similar made at 

Poondi on small models (A Bamapadas^rar Dam and Lower Bhavani Dam can 
be seen discussed in the Annual Beports f<» 1946 and for 1947. In order to 
see how far these rwolis are affected by scale dEect two latse models to scale 
1/12 and 1/24 respeetivdy were constrocted in one of the h^ level 
barrels ol the Hettur Dan and tested. 


UODEL 

The models 1/24 and 1/12 were constructed iu oue of the high level vents of 
the Mettur Dam vide Figure 6 C. 12. A divide wall three feet wide was oou- 
structed inside the tunnel 10*5 feet wide dividing the tunnel into two flnmna 
5 feet and 2*5 feet wide for the 1/12 and 1/24 scale models respectively, 
walls were extended beyond the ventway downstream to provide the necessary 
lengths for the flumes. At the eud of the flumes was a measuring 28 feet 
4 inches x 18 feet 4 inches in plan, specially constructed for quautitatively 
measoiing the water pasting o*^ the model 

The nose of the divide wall was 25 feetfrom the sluice gate and this inter- 
vening space served as a forebay to the model. There was a baffie wall 1*5 
feet ihii<^ suuoss the vent and 10 feet away from the shutter in the forebay for 
stilliog the tiiooting stream. Further stilling was effected by sospending screens, 
built of two perforated steel with the space between fifled witii granite metal of 
two inches size. There were stilling anangements in the measoring tanir too, 
contistixg of a water cushion and honeycomb walls. 


(U) Ihigatioii Hwewoh Station, Madias, Annnat Bepwt, 1 M 7 pages SI— ^ 
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Ti:- --i'.- Ifl ’.vr.3 built in ra.’.sonry and plas'^ered over smooth with cement 
p]aj.,er. Th- ade walw she flume were ako plastered smooth for distances 
of five feet ufv.r' ‘.im njid do wjistreara . For frier adjustments of head over the 
crest of the t>; Kiel a ; ix inches pipe outlet commuiiicatiag with the upstream was 
built Li the body of the model at the base ar:ii was controlled by a six inches 
valve at the outlet. 

The head over the crest was measuxed trich a pointer gauge reading to 
1/1,000 foot. For noting the water level in the measuring tank a stilling well 
oonskting of perforated .screens and communicating the water level to a gauge 
glass outside, was used. The water in the measuring tank coidd be emptied by 
a 18 inches diameter valve. 


EXPEBIHEHTS 

TTater was slowly admitted to the forebaj' till it just spilled over the crest. 
Then the supply wen. cut off and water upstTC-am emptied by the six inches 
diameter pipe till th*? flow over the spillway stopped and water stood at the crest 
level under sfetic cosi' dtioii. The wat-.-r level elevation which -was also the crest 
level was then recorded. Water was then admitted to the model corresponding 
to 20 feet overflow on top of dam in prototj-pe. The required elevation was 
obtained by opoiatins the sluicegate in combination with the ;>ix inches outlet. 
When steady condicions of flow were obtained the 1 • 5 feet diameter outlet valve 
of measuring tank was closed. As the level of water in the measuring tank 
rose up, the time required to collect one foot depth of water in the tank was 
noted. The experiment was repeated a number of times and the mean value 
taken for compu^aiions. Knowing the exact diamensions of the measuring 
tank .‘ind the time required to collect one foot depth of water in it the actual 
discharge over r-pillway was computed. The value of 0^ was then calculated 
from the equation : * 

Here Qs=saccaal measured dischax'ge. 


Is=2*5 feet. 



M5= velocity of approach. 

1 _ 

JhjrA 

Thv‘ experiments were repeated for heads varying foom 20 feet to 5 feet 
over the spillway. 



smiiWAis 


DlSCGSSIOir OF BBSUL18 

The co-efiScients of discharge ootained oa t,Le model for various heads 
ranging from 6 feet to 20 feet are given in Table G C. 9. Tlie values obtained 
on the ^ model in the Poondi experiments of 1945 are also noted side by side 
for ready comparison. All these are plotted in Figure 6 C. 12 the points relating 
to the A model being shotm by circles. All these points overlap one another 
and a single curve is fitted to cover them. A value of 3 -75 for the co-efiScient 
for the maximum head was found suitable. Xo " scale effect ” was indicated. 

TABLE 6 C. 9 


Tungabhaira Dantr-MoMs and Meaur-Co-ejgicieta of Discharge. 


Sedal 

Nomber 


t 

Co-efficient of Dischaz^e 

Head over dam ia feet 

i 

I Valnea obtained ' 

I on Jv model 
; at Poondi 

r 

Values obtained 
on model 
at Hettur 

1 



5*57 


3-436 


8-888 

1 

3-439 


2 

13-248 . 


3*441 


10^70 

3*50 

• » 

3 

15-79 ’ 

. . 

3-676 

1 

15-40 

3-689 


4 

19-39 

. . 

3-74 


19-36 

3-715 

•• 


The values obtained on the ^ scale model at Mettur and on the ^ pnafa 
model at Poondi have been famished above. The ^ model at Mettur tamed 
out to be too unwieldy and no satisfactory observations could be thereon- 
Similarly the g model attempted at Poondi was seen to be affected by capil- 
lary and other effects vickting the xvadings. The results obtained on - 
1 ^ 
and ^ scale models worked out independently at Poondi and Mettur showed 

good agreement and no scale effect. Results obtained from one model of mo- 
derate size (say ^ to for these dams of height about 100 feet and over- 
flow depth=!about 20 fret could, therefore, be relied upon for design purposea. 
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(10) BAKAPADASAOAB SPUZiWAT DAU— BiFFECT OF FIEBS ON 
CO-EFFEClEirr OF DIS(mAB6E P) 

raTBODUCnOH 

Two deagns of piers for the Bamapadasa^tr SpiUway Dam were tested 
on modeb to find ont the effect of having the pier cut waters projecting up- 
stream of dam fece and supported by corbelling on the co-effleient of spiAway 
discharge. The designs are shown in Figure 6 C. 13. In one design the cut- 
water edge was flush with the upstream vertical fece of the dam, while in the 
other the entire cutwater was projecting upstream of the dam fece. 


THE HODEL 

Attempts were first made to evaluate the actual co-e£Scients of discharge 
for different heads on models having the two kinds of piers with a view to 
compare them andthenfind out the difference. A few experiments were made 
on a ^ model (same as the one used for finding the co-efficient of discharge). 
Here the discharge was gauged by nifians of a precalibrated knife edged weir. 
It was found out tbat the accuracy of the ^lues obtained was insufficient 


Next a model to 1/100 was constructed within the Research Station gaug- 
ing flume 3 feet x 3 feet x 60 feet and discharge was measured quantitatively 
in the gauging well . Even this was found to be insufficient to give the accura- 
cy dedied. 

. Finally, therefore, two models of the qtillway without piers were construct- 
ed to scale 1/100 within the long measuring flume. These were made exactly 
omilar and were kept 28*6 feet apart. The first model was constructed at a 
level 0*6 foot hgher than the second so that when any desired level of water 
was maintained on the latter’s crest, the former would not get submerged, nor 
have its modularity affected in any maimer. Arrangements were also made 
to stiH the disturbance in the water dischai^ing over the first model effectively 
before it reached the second. These are all diown in Figure 6 0. 13. 

"When all the above arrangements have been perfected a number of ex- 
periments were made allowing the same water to flow over both tbe models and 
taking the depth of flow over each model. It was seen that identical values 
were obtained m. both. This was taken as ‘ proving the model ’. 


P) bdptioii Itemiob Station Ifadias, Atmnal Be^port, 1947, pages 68 to 
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Figure 6C. 14: Showing layout of model^ Ramapadasagar Spillway Dam 
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Ifezi; tlie final esperiments were cairiorl out tn see tbe difference in dis- 
di^e produced by the two types uf pirn. Outlie No. 1 model two piers were 
built with their cutwater ed^d flush with the front vertical face of the dam 
and on the No. 2 model two piers were built with their cutwaters projecting 
upstream. For the same water passing over both models, the depths of flow 
were measured. These are tabulated in Figure 6 C. 13. 


These values show the difference clearly. For hefids up to about 24 ftet 
(prototype) there was no difference. For heads exceeding 24 feet there was a 
slight difference and this difference steadily rose with increase in head. For the 
maximum designed head of 30 feet the difference was about 0*3 foot. This 
worked out to one per cent, and was not appreciable. 


CONCLHSIOK 

By extending the pier cutwaters upstream theco-cffic.ient of discharge 
could be slightly increased because of tie inr.proveir.cnt in tie apf reach 
stream lines. Mie increase, however, was veiy^ small and could not be taken 
into consideration for design purposes. 


(U) SPniiWAY TEAISING WAILS FOE THE EAMAPADASAOAE 

DAM(«) 

ISTBODTrClIOK 

The spillway portion of the Bamapadasagar Dam was desired in two 
sections forming a hockey stick alignment about the Mahanadi HiB. Ob this 
TiiTI and at the flanVa were to bo non-overflow dams. Eeinforced conoete 
txaining walls were j^opoeed at the ends of spillways both at the M ahan a d i 
HiB and at the flanks. The alignment of the training walk and the pressure 
exerted on them by the overflowing water were taken up for test on hydraulic 
models. 


THE MODEL 

The model was constructed in a masonry tray 40 feet X 12 feet x 3 feet 
inside and having the necessary arrangements for water-supply at con^t 
head and for measuring the same. The layout of the model is diown m Fi^re 
6 C. 14. The model was constructed to scale 1 /160 natural and conyrised of 
the Mahanadi HiB and of four spans of the spillway on either side of the hilL 
The cistern walls on the upstream side were so aligned as to ensure a normal 


(*) TT.rfga.HnTi Beseaioh Station, Madras, Armnal Report, 1947, pages 56- 68. 
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approacli towards both the spillways which will be the case in the prototype. 
The river bed doTOstream for a length of 9 feet =1,350 feet was included and 
was moulded level with well packed sieved sand of 24 — 30 mesh per inch grade 
to a depth of 0-76 foot. The top of sand was kept at level corresponding to 
plus 20 in the prototype. A tail bay and a tail gate were provided at the end 
for regulating downstream water levels. 

The training walls were made in welhpolished teakwood and fitted up as 
shown in Figure 6 0. 14. In the first design the returns were parallel to and coin- 
cident with the end of the buckets. In the second design a stream lined, i.c., 
a semi-elliptical shape was given to the returns The tr aini ng walls proper 
(on both sides) were at right angles to the axes of the spillways and had verti- 
cal faces on the water sides. On each of these walls a set of 12 piezometer 
points were in^>roduc6d and were tapped off by tubings and connected to a mano- 
meter set up outside. 


OPERATION OF MODEL 

Apart from a large number of qualitative tests, two csperiments were made 
on the model ; (i) wich the original desiga of returns and (fi) with the modified 
design having the streamlined returns. In both experiments M.W.L. was 
maintained upstream and downstream. The run in each case was for a period 
of one hour. The scours formed cn the bed were traced and pressures on the 
manometer set up were read off and recorded. 


OBSERVAXIOHS 

With the original design of the returns there were eddies formed near the 
returns. Whoa the returns were streamlined, these got eliminated. Ex- 
cepting for this, which by the way was not quite serious, there wore no bad ed- 
dying for any flow, and the flow was satisfactory. The sbreamlining given did 
not involve any considerable extra concrete m superstructure or foundations. 
Any further lengthening of the wall downstream would involve costly founda- 
tion, which was found unnecessary. 


GOHOLUSlOH 

The original designs of the training walls and retains were found generally 
Satisfactory, The right angular bends for returns camed a certain amount of 
eddying which was, however, not harmful. Even this could be eliminated by 
having a semi-elliptical alignment for the returns. 

As regards pressures exerted on the training walls, further studies on a 
Urge scale model were necessary before final conchsions could be drawn. 
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m ) sjsmsa baszit foe lowiie bhavaot spillway dah («) 

ABSTBACr 

&p«iniaits for obtaming satisfactory designs of stilling basins for mode- 
rately high dams were continned dnring :847 with special reference to the 
Lower Bhavani Spillway Dam. In this connection two series of experiments 
w^^ed oat : the first series on a mode, of the 16 feet overflow section 
md the second series on a model of the :D feet overflow section. These are 
described in this articlo. 



Figure 6 C.15 : Shomng IS feet ooenflow section of Lower Bhaoom Spikway 
dam. 


HYDBADUG PABTIGDLABS 

_ The design of tLt- spillway dam adopted for lie present experiments 
is given in Figure 6 C.15. The hydraulic particulars relevant to the studv are 
furnished below : — 


River bed (•tverfige) 

4-797*0. 

Crest of dam 

+900*0. 

M. W. L. upstream 

+915*0. 

M. W. L. downstream 

+820*0 

Discharge per foot run 

225 cusf'os. 

{!*) Irrigation Reseai-eh Station, Madras, Annual Report, pages 66—80, 
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model 

The model was made in polished teakwood to scfde 1/120 and fitted up in 
the Laboratory Hydraulic Hume 40 feetx 2 feetx 2 feet. Downstream of the 
model •sieved sand of 24 — 30 medi per inch grade was packed to a depl^ of 
f foot. All experiments reported here were made for the condition corres- 
ponding to M. W. L. upstream and M. W. L. downstream. Qualitative 
observations were, however, made for other conditions also with a view special- 
ly to see the range of effectiveness of the design in creating and maintaining a 
proper standing wave for various possible conditions of flow. "Water-supply 
to the model wns drawn from the overhead tank, measured over" a precalibrat- 
ed weir in the flume and properly stilled. The do'wnstream water 
levels were adjusted by a tail gate. The runs were made for two hours in 
each case, which period was found sufficient to give a stabilized bed downstream. 
AU measurements of water surface profiles and bed scours were made by point 
gauges reading to a thousandth of a foot. 

SCOPE OF STUDIES 

The present studies in some respects were a continuation of previous 
ones made on models of the Tungabhadra, the BiamTapadasagar, and the 
Malampuzha Spillway Dams ; but there were considerations that had a special 
bearing to the Lower Bhawani Dam. Unlike the Tungabhadra and the Malam- 
puzha Dam there is no hard rocky bed at the Lower Bhavani Dam site and 
strong apron in continuation of stilling basin would be a costly work. Nor 
was it possible to allow for a deep scour as in the Bamspadasagar Dam where 
the river bed is sandy and the dam foundations go deep down to rock. What 
was aimed at was to obtain a stilling basin within which dissipation of energy 
would be secured to the maximum possible extent, so that any apron that might 
be had downstream of the basin ^ould not have to withstand high erosive 
action. 

This was sought to be obtained by ensuring the formation of an “ efficient 
standing wave ” within the stilling basin for all possible flow conditions. A 
hump or a ‘ boil ’ in the standing 'wave rising above the tail water causes a 
dive and a secondary wave. In the absence of a strong apron, this is bound 
to create a bad scour, the scour being almost a reflection of the boil, 
see Hgores 6G.16(A), (B) and (C) in which the standing •waves have such boils 
and deep scours are formed consequently. On the other hand in Figures 6 0.16 
(£), (L) and (N) no humps are seen and no bed scours. In the case of simple 
stiliu^ basins it was seen that a single sill of any type could be designed to give a 
“ perfect standmg wave ” only within a limited range of flow conditions. 
A sli^t deviation in the quantity of discharge or in Iffie tail water gets a 
hump in the standing wave or gets the nappe •washed dear out of the basin. 
Pro'vision of one or more lines of splitter blocks inside the badn (called 
** floor blocks ” to differentiate from similar blocks used in other positions) 
•was found to improve the standing wave and to retain this condition for a very 
wide range of flow conditions. %h,e major part of the presrait studies was, 
tlKocefore, devoted to the selection of a suitable type of floor blookB. 



Experlmant No.7 U I Experiment No. 1 2 



Figure 6C. 1 6 Showing lower Bhavani Spillway Dam 
.....20 10 0 20 40 M BO 





Figure 6C.I6 (Contd) Showing lower Bhavani 
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DISCDBSIOHS OF BBSOLXS 

Experiments numbers 1 to 6 were made with a stilling basin 50 feet long 
and a sill at the end. Different types of sills were tried. The sloping sills 
were better for the normal conditions of flow but with low tail water levels, 
the standing wave got washed out of the cistern. With the vertical and step- 
ped sills this danger could be eliminated, but the standing waves always showed 
a boil and the scours were deep. 

In Ei^riment Xo. 29 an apron 100 feet long was added in continuation of 
the stilling basin. This slightly reduced the scour. In Experiment No. 30 an 
end sill was introduced at the end of the apron which reduced the scour still 
further. The design tested in Experiment No. 30 is fairly satisfactoiy provid- 
ed the apron is made strong enough to withstand the wear caused by the flow 
issuing beyond the siU, in which part of the energy would remain undissipated. 

In Experiments Nos. 25, 26 and 27 a continuous re-entrant bUI, a continu- 
ous but dentated re-entrant siU and a continuous but perforated re-entrant sill 
were successively tried. The first and third were unsatisfactory because they 
practically acted as the main sill and did not function as “ Splitters In 
Experiment No. 25 the portion between the re-entrant sOl and the Tmain sill 
got filled up by the sand washed into the cistern within a minute of starting the 
experiment. The design tested in Experiment No. 26 behaved well. 

In all other experiments some types of floor blocks weie introduced and 
tested. These generally were satisfactory. Some were better than others. 
The floor blocks functioned as dissipators for several reasons, viz., (a) direct 
impact on the blocks, (6) frictional effect of the sides, (c) splitting up of the main 
jet into smaller jets, (d) interaction of these jets amongst themselves. The 
overall effect was that practically all the surplus energy was dissipated within 
the hydraulic jump itself and there was no need left for having a substantial 
downstream. 

The various shapes of blocks tested weire designed to emphasize one or 
more of the effects mentioned above. Thus rectangular blocks proved the best 
design for direct impact, the speax shaped blocks were good flitters, the ellipti- 
cal blocks encouraged counteraction of jets and ahnost aU designsa cted as 
friction blocks. The cylindrical blocks placed sta^ered in two rows (Experi- 
ment No. 23) proved to be a good combination and seemed best. Its adoption 
may, however, be objected to on the ground that it will be difiiR nlt to get good 
anchoring of these blocks in many situations. Where it is so the re-entrant 
dentated sill can be adopted which is equally good from hydraulic conridera- 
rions. The weak point about this is the d^ulty in maintaining the sharp edges 
intact against the violent impacts they have to withstand. 

CONCLUSION 

A stilling basin 60 feet long 10 feet deep having a 40 feet radius bucket 
upstream and a vertical sill downstream followed by a 100 feet apron is recom- 
mended. In order to increase the efficiency of the design a i^stem of floor 
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blocks consisting of two rows of cylindrical sta^ered blocks or merely of one 
continuous dentated re-entrant sUl of tbe dimensions indicated may be provided 
inside tie stilling basin. The standing wave with such a design will not rise 
more then three feet above the M. W. L. downstream and the scours will not be 
deeper than eight feet below the apron level. 

Individual floor blocks are always difficult to anchor so as to withstand 
the enormous pressure caused by the shooting flow impinging on the blocks. 
The Chief Eigiie^rfor Irtiga'ion, thereiore, suggested a system of Tee shaped 
bl'wk'j havifig all the benefits of simple bloclb and also the stability and strength 
afforded by the buttress w-alls forming the legs of the Tecs, Tliis device was 
tested and developed in a second series of esperiments on a model of the Lower 
Bhavani Spillway Dam. For these erpariments a model of the 20 feet overflow 
section was adopted. 


HTDRAULIO FASUCULASS 


Thedesign ofthe spillway is furnished in Figure 6 0.17 (A, B, C,_ D). 
hydraulic particulars are below : — 

River bed average -f 797-0 

Crest of spillway + 906-0 

M. W. L. upstream + 925*0 

M. W. L. downstream -j- 830-0 

Discharge per foot run 662-5 c/s. 


The 


MODEL 

The model was made to scaJe and was fitted up inside the 40 feet x 
2 feet X 2 feet hydraulic flume. In all details the set up and operation were 
identical to the one adopted in the first series of experiments. 

The design found to be the best is shown in Figure 6 C.17. (A). This was obtain- 
ed early in the course of the esperiments. It consisted of a stilling basin 30 feet 
long beyond toe of bucket x 10 feet deep, having a simple vertical sill at end and 
a angle row of Tee shaped blocks in the baan. The rectangular blocks were 
parallel to the sill, aze 8 feetx4 feetx6 feet, i^aced 16 feet clear apart and 
buttressed on to the end siO by longitudinal blocks 2 feetx5 feet and 20 feet 
long. The front blocks were observed to split the shooting jet into two parts. 
One part directly striking on the blocks got thrown up and fell down in the form 
of a oanopy ; the other part flowing between two adjacent blocks espanded 
laterally between the buttresses and was confronted by the end wall of the 
basin. The combined result of all these actions and counteractions was that a 
very satisfactory amount of dissipation and deflection was produced inside 
the bafdn. The deagn was decidedly an improvement in many respects over 
the one obtained in the first series of experiments. 

In a number of experiments various shapes of blocks all butting against 
the sill were tried. All these were unsaiisfiictory as they foiled to allow for the 
lateral eapansion of the jet passing through the gaps between blocks. This 
resulted in residuai energy creating a boil and/or in the waAiug out ofthe stand- 
ing wave for low tail water stages. Other experiments were mostly intended to 
obtain optimum dimensions for tibe various parts ofthe ^Aaigna 
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Fl£ure6C.i7; Lower Bhcvani SpHtway Dam 20 feet overflow section 
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CORCL0SIOH 

A stiUing basin consisting of a simple bucket and sill and a row of Tee 
shaped blocla of the dimensioas given in Figure 6 CM "(A) was found the most 
efficient. It yields an ideal standing wave for a vide range of fiacftuations in the 
water levels. The crest of the standing wave was only 0’24 above the tail 
water level for M. W. L. conditions. The mazimani scour was only 11 *28 
feet. The design was cheaper than anything so far known and having about 
the same efficiency. Further studies for finding out the pressures on the various 
parts of the blocks and sill and to locate cavitationj if any, are in progress. 


(IS) TUnaABHADSA SFILLWAT DAM— THREE DUENSIOBAL 

MODLES (») 

Further tests were made during 1947 on various models for obtaining 
refinements of design with reference to fuller data that became available during 
the year. As no tpecial features were involved^ these tests they are not des- 
cribe here. 

Two sets of design evolved from the studies on sectional models wer* 
finally testedson fhll three dfinensional models. This teqoireB special attention 
and is discussed below. 


DKSQICa 


Design No. 1 consisted of a spillway of over all length=:l,810 feet made up 
of 26 spans of 60 feet each and 25 piers of 10 feet each. The overflow deptA 
was 20 feet. Design No. 2 had an overall length of 3,505 feet having 50 spans. 
Ziength of span and width of piers were the same as in Design No. 1 exc^t for 
three abutment piers which were 15 feet each. The oveiffiow depth in this 
was only 15 ■ 75 feet. As the spillway extended to the hi^ marg in s on the li^t 
of the river, training walls were provided downstream to divert the discharge 
towards the river proper. The downstream aprons in both designs war aifc 
4-1,624 in the river portion. In Desiga No. II the aprons on the ma^n wsj* 
higher by 16 feet and 26 feet in the two sections. 

The hydraulic particulars are furnished below : — 


DtsmpUo* 
Flood diichargo 


Duign I Dmgn U 

650,000 emseos 


Full reservoir level 
Crest of spillway 
Number of spaas 
Discharge per foot length 


+1,630 

+1,610 

26 

430 eusecs 


+1,630 

+1,614-26 

60 

218 onseoa 


Downstream floor level 
Dewnstreaat M. F. L. . . 


+ 1,624-0 +1,624-0 

+1,640-0 
+1,650-0 

+ 1,540-0 


(W) Inigation Research Station, ICadras, Annnal Report, 1047, pMC** 80—84. 
M210BI 



864 


the CEA'TBAI. EOAED of ISEIGATION AKSiUAL REPORT 1948 


MODEL 


Ttt two Gi.-ljd'S'vf'iTe <'fin5.ti'actifl‘'c< .-'(.fie 1/120 on two sidcK of a ciotem 
40ff‘=tx40f«'tty2 ^^**■“1. Wrt'ri xs’fi? i*'t into tLe cirem at one comer and wai? 
controlled and hy ar.d g^ite airaiigvn> nts and the discharge 

was measured on a stendurtl sti r.ding v'ave flume am of each 

model dam was fomi^d tho river piopei wi^h the hrd, Tnargins, islands, e/c., 
according to ciosji-ffctirnti:’ tciktjii f*! for'ihe putpose. The mobile 

portion of the live'*' )»ctl Wt ft nn*:*!. will, ^i^ v^'d r.rl of 24 — 30 rvsh per inch 
size with the help <*f flsed or* ll^e bed rr:d hrving their rops ecuiusted to 
correct 1* vel^. Ff»r eaeL* nj‘c!el then- was a • f.i'1 bry and a tail gate for controlling 
the dovm&trcaif. water levels and «^ire.ngem(nt fer ft < ding the model fi om the 
tail end before Htartisiir on oxuenmtr.’.. 


EXPERIMENTS 

Exp» iin frrrie d t,u: frr 31. “W. L. tondivior.s upr- iew* . e.i»d down- 

stream. The merit wei • initially filiKi up to ct^wnstiecm M. F. L- 'lom the 
tail ends giadurlly so as not to disturb the beds and then the main cistern was 
filled and continuously suppled to momtain M. F. L. discharge. Under 
this condition the tail gates were adjusted to maintain the downstream M. F. L, 
and the run was continued for one full hour. During the run the flow 
characteristics were observ'ed and at the end of the run the models were 
carefally emptied and the scours observed and measuixd. 

OBSERVATIONS 

During the couri^e of epe ration of the models the followong observations 
were made 

(1) In Design Xo, la .‘landirig wave was foyned over the stilling basin for 

all cc'ndirk»ji& o;'flcvr. Under M. F. L. conditions the standing wave 
appeared unifoim and .steady and smeeth flow ensued beyond the 
apron, 

(2) In Dedgn So. 11 there w^as shooting flow at the Kebbock’s dentated 

sill for various flow conditions. Under M. F. L. discharge shoo'ting 
flow persisted in the two sections on the extreme right covering 23 
spans. Here the depth of downstream water level was insuffi-. 
cient to create a standing wave. 

(3) At the end of the run scours were plotted. The general disposition 

of the bed was clearly more satisfactory in Design !No. I- 

( 4 ) Design No. I was evidently more satisfactory. This could be taken 

as an indication that as far as possible, spillway length should bo 
^tooted to the river portion proper. By extending over marginal 
• rf ^ loose^ the tail water depth which is so essential a factor 
m the formatmon of standing waves. 
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( 14 ) mm wsmciEm wiibs fob n?RiGATioH tmks 

ABSTRACT ' 


la order to discharge the maximum jBtot died;: ri IV J (C over the 

existing Ifnrth ci !eet with a head c*f ?i '“eet ^le Aiirnratla wf ir should haTe 
acoefficientof dischargee! 4-64. Exierimcnts v.c-ie rcndijicted toevohea tyre 
?f weir that will give a coefficient of dischsxge ct 4-6^ rrfer a hesc: 2i feet 


The nnxiinuin rf tM* \Vi '. rjiiritny i'i tiui as cal* 

cula^alaL\'or(!ii);{;oTlyv^‘'?<Fotiii.n!r witli C=S“'*3'‘ il? it, . 

c.*jeffl'i' :■* •if?* ^nr tl!** tofirjiii.i: v* ir ir rli-' ^ cu: ur<ler th^* 
prf>po}i'»l Lc.kI f'f Ui In n .-tnirL' the tank arar/j in-* !.! ii^ tu he nj^ide 
to dischaig: tL»' hi)liJn**: nf ‘>.47‘* cu. m:-. I!.!*: ceii h' ei*hei^ 

by inerci'sinj; ' < * f *]: *i v*. ir by Tr-et *>y by altciing ti c exl&fr- 

ing weir t»» 1:3^.* :* l i'jiiicT c^* ffir*! i . l?i pi case i* 

found ■ Lc/'’ it rnuy ;v sTii.cbA . h* ^ :L’' * * ais» s of -h*’ 

exisrin^r \v< ir .Lc* ir t- ulu civ.:* « ' 


- . 'A', ,* + 

1 » jr xili. i .--I 


The nrsi s-ihs of n.o». ‘! ri^ ‘u. "• v;. s ^ *<' ir i uu' * Xn. 1 

which is one fooo v/idt <*,nd f. !ci. 1L» 11’-^ none! wi.,*- .♦ J jwnd* 
was made in concic tf wilh ■; "'i '••‘TJ ' r .**' pr In: * * »]i tL ' iiicu- 

iar crest and downstream glac>*. Th' * o c*^ i£^: : i f T . ! ad of 
0*570 ^oot equivalent to 2*28 feet in the proiocj^x. 

Experiments 'were conductid in Flume No. 1 with various pu files having 
dijfferent crest ^iiametei* and gkcL sloprs. 

At first th-j txpeiimenlb \sere conducted with an upstream ground level 
one foot below the crest of weir r*r found at site. As these did not give the 
required coefficient of discharge the expeiiment w’us repeated fur a depth of 
1*5 feet which gavt: a coefficient of uit^h^J’ge of 4-50. This w^r wcuhl be 
capable of discharging 12.900 ousecr- e:\d th: baknee of 4n|j cusecs could easily 
be taken care of by the flood absorption capacity of the reservoir. 

The experiments in connection with the weir of Arjsmpatia large tank 
indicated that the coefficient falls in value for heads ubovc 2^ fect for the parti- 
cular profile. Hence the profile of the Gagilia pur weir had to be altered 

(i) To give a coefficient of 4*60 or every neax it. 

(it) So that the value of the coefficient should not fall until a head of 3 
feet is reached. 


These experiments were conducted (in Flume No, 2, 3| feet wide) on J 
Scale models one foot in length. At first a few parabolic profiles were tried 
and it was found that these gave coefficients of the order of 3 • 8 to 3 • 9. Hence 
the effect of increasing the crest radius in the circular profile vras tried. Various 
crest radii of 6 inches, 6 inches and 7 inches were tried and it was found that a 
crest radius of 7 inches gave, the required coefficient of 4 *50 at a prototype head 
of 3 feet. These experiments were conducted with an upstream obstru^ion remov- 
al of 1 J feet below crest. Next the effect of reducing the obstruction removal 
to one foot was tried and the value of the coefficient fell to 4*25 at 3 feet head* 

P) Hyderabad EagineeriBg Besearcb Laboratories, Animal Beport, 1947, Pages 4—7. 
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( 15 ) SEPHOir SPHiIiWATS FOIOIDIiAE (i’) 

In the design of siphon spillTrays, it is usually desirable that the jet should 
strike the river bed as far from the ■work as possible, in order to avoid bed sc'out 
olose to the toe. 


If the jet is taken to behave like a particle, the elements in the problem 
reduce to the following, Figure 6 0.18. 



I =horizontal travel of the jet, 

9 =mitial* jet velocity, 

5 ssinitial inclination of the jet to the horizontal, 

^ a =height of the nozzle above tiie river bed. 

Naylor (1935, ‘ Siphon Spillways ’, pp. 41 — 42) has dealt with the problem. 
Ptthas stated (without proof), that, for 1 to be a maximumm 

cosec 6 = V2ga . , . , . . (6C.1) 




*nd then ^ Gosec (Sin64-v/(Sin 6+ ^g) (6C.2) 

g «* 

(*’) FaBjab IMgation BesMceb lustiitite, Amitiar, Annnul Seport 1947 pages 33-* 
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Equation (60.1) involves a radical, while (6C.t?) ij^ rather combersome and, 
i n addition, requires t to be worked out first. 

A simple eaq^ression for I directly in teims of v and a, and another for 
0 involving no radicals, were derived in the Ii^thute during the period under 
report. Graphical solutions were also <»l>tair.fd. in order to obviate any re- 
ference to a tabl»:- of tiigonometric functions. 

The initial jet velocity, Figure 6C.18, being r, at an angle 6 to the hori« 
aontal, its horizontal com^Kment is t? cos 6. If it takes a time t to reach th® 
river bed, then since there is no horizontal acceleration. 

I = vt cos 0 . . . . . . - - (60.3) 

The vertical component of the velocity is i* sin 6 upwards and as the acce^ 
lexation isg, downwaids. and the ^-eiiical ditlance coveted is cr, in a downward 
direction, we get 

— a — ojT sin i0 — J . . . . . . . - (6C.4:) 

Eliminating T from (6C.3) and (60.4) 

— a — Z tan 6 — Sec * 0, 


which may be re-written as 

^P.tan*0 — 2vH. tan 0 gl^ — 2t?*a = 0 . . - . • • (6C.6) 

As (6C.5) is a quadratic in tan 0, and 0 is real, its roots must be real for irbM 
the condition is : 

>4gl*(gl*—zV^a), 


or 

>5*1* — 27 V 

or 

gH*<¥*+ 27 V 

or 

l<'s/V*+2galg 


Hence the maximum value of Z is given by 


l^y^y^+2galg .. 


(6C.6) 
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Wien this happens, the roots of (6C.5) are equal and so 

2 tan 6 — • • • • • • • • (6C.7) 

and tan* 0 —{ffP — 2F*a)/5^P • • • • . . (6C.8) 

tan*0 =2tane/(l— tanS) 

ftom (60.7) and {6C.8)=2F*Z/2F*o=Z/a (6C.9) 

Also 

Sec* 20 =14- tan* 20 

ftom (60.9) =14-l*/a* 

iirom (60.6) =14-F*(F*4-2sfo)/fli^* 

=(F*4-Sfo)*/5'*a* 


Sec 26 =(F*4-ira)/ya 

6 =|tan~^I/a=JSe<r^^^-4- 


(60.10) 

.. (60.11) ■ 


Prom Equation (60.9) it is clear that, as I/d cannot exceed infinity, 6 cannot 
exceed 45®. -- — 

The following numerical examples are given by way of illustration : — 

( 1 ) Laggan Dam Sp^teay Siphon : 

This example is given at pp 41 — 42 of Naylor’s ‘ Siphon Spillwa 3 rs ’. 


Here F=50, o=64. 

Equation (60.6) gives 

Z«5V^/32 


»126-9, say 127 feet 
Hence, from (60.11) 


e 


:*Jtan— 


il26-9 

64 


« t 


( 60 . 12 ) 


*31-62®, say 31 *6®., 


.. (60.13) 
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Naylor’s values are : — 

0 — 31-6“, and then 1=128 feet. 

(2) Marikanve Dam {Mysore) Spillitay Siphon : 

The data for this are given at pp. 342 — ^343 of ‘ Irrigation Kngineering** 
by K. R. Sharmn. 

Here »=50, a=32 


Equation (6C-6) gives 
I i =6(V4548/32 


105*4, say 105 feet 


e 


tan-^ 105-4 
32 


=36-55“ 


say 36*5“ 


.. (60.14) 


Shaima got 8 =37“ and then 1=132 feet. 

The latter seems to be incorrect due to omission of the factor cos 6=0*8 
nearly. 

(3) Rasul Dydel Spillicay {First design ) : 

The details of this design are given in Figure 89, facing page 56 of tha 
Annual i 

Report of the Punjab Irrigation Research Institute for 1945. 

* 1 
a 

CrestIR.L. =788-0 

t, 

Nozzle R.L. =733-5 (at the ceptie line) 

Downstream R, L.=706;,l 

\ a 

lRachargeocte£5cioatws:Q*75 ... 


V =0-75V2x32x (788*0- 733-5) 

•I •' r *.1 V ■.at* n» 

=44*3 feet per second 
ft 533733*5— "706*4— -’27* I 


I =44-3^1962-1754/32 
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=36-0° (6C.17) 

Thevalnesin(6C.16)and(€C.17) agree with the designed 86-3 feet and 
36*7®, within the limits of practical accuracy. 

To obviate the neeessity of calculating square roots or consulting tables of 
trigcnometiic functions, simple graphical solutiorus were also designejd. These 
were based on exact theory and would give results accurate to within the limits 
of working enor, 

(a) Solutions, for I and 6, Values of v and a knovm. 

The steps were Figure 6C.19 : 




SimWATS 


8T1 


* . V 

(») Let— ^ be the nozzle and A the point below it on the river bed. 
Let Oa=A 

•• • F® 

(h) With 0 as centre and radins equal to— a. 

draw an arc to cut AX in B. 

(n't) Join OB. Measure angle MOB. 

{iv) Then AB equals I and angle A OB equals 20. 

The proof is easy. 

For 

AB* =OB^A* 

AB 

=1, ficom Eqution (60.6) 

and 

angle AOB **tan-*(AB/OA) 

=» tan""* (i/o) 

s=20 from equation (6G.11). 

(6) Solution for dUeharge eo^effiemt, 0 Vahet of I and a known from ot- 
mvaiion. 
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The ohject of this is to estimate the discharge coefficient of the si^on, 
ftom the observed value of 1. The steps are. Figure 6 C.20 : 



Figure 6 0.20 . : — bhoming geotneUfiedl construction fcf 
disduirge eo-^fieient. 


(») Let 0 he the nozzle, A being the point vertically below it on the zivear 
bed, and AB the observed T, 


(**) Join OB. Cut off OC==OA and then CD along B0=A/2 (where h 
is the depth tff the nozzle below the crest). 

(tit) Draw a semidrcle on BD as diameter. Draw CK perpendicular to 
BC to meet the semicircle in K. or X . 


(iv) Then CK/h gives the coefficient. For proof, 

OB* =OA»+AB**a*+i» 

F*(7*4-2oo) 

p Equation [(6G,6) 

OB ««+ 

a 

*» BC «OB-OC=*o+-^ -a=-^ . 

F a 
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Now CD = A/ 2 , by constimctioQ. 


CK*=BC.(3D 



i 


or CK =7VA/^ 

OK =VVW 


C, the discbarge coefficient. 


The dimensional aspect of the pioblem b broi^ht into focus by r^writiu^ 

Equations (6C.«) and (6C. 11), after putting ^nm^)eT), 

in the fonn 


i/o =Vj’(i’+2) (6C.18) 


and l=i Sec-i (7+1) 

These non-dimensional equations indicate that in motlel experiments 
neede<f ffix eatiniatiag.tlia protbtjpe values of Z/a.and B, the gravity forces 
should dominat^jthose dueto viitcosity, surface tenaionatc., and the ratio giy«i 
most attention should be the Fronde Number. 


Now 7=»*/pffl=-2C*A/a, where A is the depth of the nozzle below the c«^. 
(7 the discharge coefficient and e the hei^t of the nozzle above the river 
Usually C mll 'lifC'Wtwwn'p-eo and 0-85, and so 7 niay be expected to Ue 
between 0*75 A/a and 0;85 A/a. 

Thera is no particularly fixed xaoga&r the valuesof A/a.; but the i<^r ^e 
orifice, the greater the jet velocity and the greater the distance to which wwt 
can be thrown. Too low an orifice, however, is blso hot »» th* +k* 

riphon len^h means extra cost, and the hi^er velocity might damage e 
surfi^. 



Maximum let travel . 
Nrazic height above river bed ' 
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Perhaps h \rodd ordinarily lie between 1/4 to 3/4 the height of the flnm 
so that h!a will vary between 1/3 and 3. The range for F may, therefore, be 
put as going from 0-25 to 4*50. 



Figure 8 0.21 :0uroet^tpt]^^{{es^ — 'ittd t of values cf F ranging from 0’2 
to4‘5, . 

The vahie8ofl/oand6 forthisrangeofFoanbeeasilyieadofftbe 4irrm 
m Figure 6C.2L 


Neizle tndinatton : C ( degrees ) 
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(16) FURTHER EXFEBIHENTS OH THE DISSIPATIOH OF EHEROT OF 
FLOW FROK SEFHOH OUTLETS (») 

Expc'riments were continued for dissipating the energy of jets from siphon 
oatfetP. They comprised of the following 

(1) Supporting the jets on an ogee profile 

(2) Submersion of outlet 

(3) Formation of a standing wave 


SUPPORTniG THB JFIS 

A battery of six siphons operatmg under a head of 3 • 75 feet was chosen for 
the purpose. The under surface of the jet was traced and a slightly flatter 
parabolic curve was proposed for the supporting profile. The idea was that 
all the jets should fan out and reach the taU water in a uniform sheet of water. 
The fanning, however, is effective, but it is seen that when the adjoining jets 
meetjtheyformsubsidiaryjets which cannot be prevented unless the .«iphon 
outlets are far apart. It is also observed that such a proposal gsvolves a heavy 
addition of masonry to the dam. 


SUBMEBSIOK OF OUTLBT 

This method seems to be the best solution for preventing the scour down- 
stream of mphons. Recent experiments have revealed that there are far-reaeh- 
ing advantages in such a design. It is not necessary that the outlet should 
be completely submerged — ^in fact, the conditions worsen if the outlet becomes 
more than submerged. It is advantageous to allow a slight openig at the top to 
start with. That helps the air inside the siphon to be expelled for a small fiow 
of water over the siphon rim. The following results show the advantages of 
submerged outlets. The experiments were conducted on a 18 inch siphon 
model with an operating head of 7 feet — 6f inches. 


Clearance between downstream water level and 
crown of the outlet in inches 


Priming depth 
in inches 


1 

li 

2 
3 


1 

n 


It is seen that when the clearance between the tail water and the crown 
of outlet is I inch, the priming depth was only | inch while for a clear over&ll 
discharge, the same was 3| to 4 indies. As soon as the siphon primes, the tail 


Ufdrsnlio BMearch Stotioo, EridmuaiMsgar, Aanasl Baport, 1047, page* S6— 20 . 
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watpr levf'l risf-s Hiid the outlet gets completely sabmorge^h The 'i^-effi iieat 
of ui^ch.'i'ge in ?uoh a case is as high as 0-7 anil is b^tti^r than o'.he” methods 
like fixing, arljutages or impinging Reighbouring jets dc. 


FOBMATION OF A STAMSDIG WAVS 

For the formation of r- perfect f tandii’.g wive it is necessary to obtain the 
correct depths thait conduce to hud; a fi inaaiion First, it is neces<!aiy to 
keep the outlet at bed level itself so that the jet is supported on the bed of 
river and to create eonditiojos on the bed that help the formation of a perfect 
jump. 

Experiments were conducted on a 12 inches siphon model, 'with an operat- 
ing head of three feet. The ou-let was kept at bed level to obtain the maxi- 
mum head. Aga in i o improve the p’ iming qualities and to gain further head, 
the outlets were made elliptical. To effect an initial water-seal, the top of 
outlet pipe was kept level the bottom tapering, line aly from tbe bend to the 
exit. The area of cross-section, however, remained the same throughout 
varying uniformly j&om circle to ellipse from the lower end of the bend to the 
e^t. 


To see that the discharge was free and a hi^ co-efficient -was realised, a 
standing wave was proposed to be formed at a con'venient distance from the 
toe of the dam. This necessitated tbe adoption of levels as also friction blocks 
as shorm in the drawing. 


The proposal of sloping aprons and friction blocks lurve the following ad- 
vantages ; — 


(a) The siphon primes easOy, the priming depth b^ng i nc hes to 
5 inches. 


(6) The water jet ^reads out thus reducing the detrimemtal effect on the 
bed. 


(e) The initial 'water-seal helps easy priming. 

(d) A standing wa've will be formed at a distance of about 1 J feet from 

tiie toe of the dam. The friction blocks help the formation of 
jump. 

(e) The oo-efiBcient reaKsed is 0*735. 


, improvement made on this is to change the circular section to elliptical 
not Imealy w mentioned above, but parabolicaUy. Thus a kink at the lower 
eiur IB avoided and it will naturally improve the co-efficient of discharge. 
Jaffieeiqienmfint wmduefed, the coefficient was increased to 0*76. 
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(17' DBSE&H (MP VOLTTFBS ETC. iff mwm (“) 

For an effectiv*! design nf the components of the volute siphons, the foUovr- 
^ng factors should be taken into consideration : — 

(1) A water-seal should be secured in the barrel, 

(2) A vortex of sufficient strength should be ensured in order to expel all 
the air in the dome early. 



("} E^dnaHe Beieueh Station, Xrisimanjuagar, Annul Bepoit> 1M7, pagM SO ta 4S. 
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PTtT.a ’Piftwa irrp BBTWEEH THE BABBEL DIAMETES ABD THE HBAT> 

The assumption is that the boil should be formed in the barrel itself and 
in the limit, at the top of the bend, Kgore 6 0.22 (a, b, c, d) 

Let the slope of the funnel be 1 vertical in n horizontal. 


Diameter of siphon barrel, 

D 

Hei^t of funnel, 

d 

Priming depth, 

d' 

Badius of inner bend. 

KD 

Hei^t of lip above centre of outlet, 

H 

Co-efficient of velocity. 

c. 


Then the condition for the boil to form at the top of the bend is deduc- 
ed as follows ; — 

Velocity at the throat=OiiX8\/((Z-j-d^) 

Angift of throw with horizontal-tan~^ — 

TTnitig the usual projectile formula. 


y=a! tan a+ 


9. 

2 


X 


0*008*0 


If 

and substituting x= 




_ ® I , ? 

2 ■ 2 ■ 4x 64 0i+d')Oo* 

But«=ff— D(£+i)-d. 






« 16Ct>*(d+d') 


i.e., H>D 


1 


-K+\ 






2h ■“'* ^ I6C«*(d+d') 

Assaining, for Hirebhasgar Siphon. 

1^ Ti 

n=l ; ; d'= Oii=0‘6, and d= — , we deduce 

This condition is satisfied by the executed design. 
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FDmiEL 

The design of the hiimel should be such as to induce a hi^ " boil point ” 
without increasing frictional losses. 

By increasing the funnel height h Figure 6 C.22(c) the initial velocity 
of the water leaving the throat at B will be large which is helpful in inducing 
the necessary circumferential velocity for the water-seul formed by the flow 
between the \-olutes. A high initial velocity increases twisting motion and, 
therefore, better sucking of air which facilitates early priming. A flat slope 
that is a lesocr angle, combined with a high velocity induces the formation of 
a high boil point. 

It is necessary the boil point is formed within the vertical pipe or barrel 
portion and that &s hi^ as possible. 

oramiH romiBL i lope fob least hkb for fobkatiom of a « boil ” 


Let Z>' and D be the fliameteis of the funnel at lip and throat of a funnel. 

The lip diameter is more or less fixed by the amount of discharge that has 
to be passed per foot length of spillway. 

The throat diameter is fixed by the primmg depth required as well as by th» 
disdwrge to be allowed in eMb' siphon. ‘ 

Let us assume D' and P to be fixed. 

Let « be the angle the funnel makes with the horizontal. 

The problem is to determine the fuzmel slope so that the jet shooting from 
funnel bottom reaches the centre of barrel in the earliest posable time. 


We have the horizontal distance to the centre of baizelai 
Height of fmmelsaA. 

Let F be the velocity of water at the throat B. 

Let tsstime taken for the water to traverse the horizontal distance fo>m 


from B to C the centre of barrel, that is a distance of ~ 


2 .- 


M81CBI 


g=32-4 feat per second. 
y=3height of boil bebw throat £. 
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Horizontal Component. 

Y COB at= ^ 
2 


Bat 


r- V2^ 


JD'—D 
= 8V — 


tana 


(6C.20) 

(oasi) 


Subctitatii^ in (6C.20) 


D 

2 




cosai. 


C _ Viy—D . t , 

1 — i ^ a J *• 

^ ^ ■'''^'^ 77 } <• 


Hawe, 


t»J} 


a 

g V^— sin 2 a 


jP 

« V<D'— 2)) «m 2 a 


® 

8^(13'— P) • * 

,21 

•traKwa I 


B^Eteedaaling with zespe^ to « Md •foating ie 1*^ 


iL 

ia 


— g. coaa> 
(am 2 «)tf* “ 


ia-* 


eoaSa 

UiS«}*/> 


a 


i,«,a cmaaoHO v«>4 a »i * 48** 
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gntLlTAT-t 

Applying the usual piojectile fonnuh, 

9 ** 

i/«=®tana+ — == — r“. 

* 2 F* cos* o» 


and sniistituting, a-ss-^and a— 45% 
we have, 


D , 82)* 

T'^y* 


(oass) 


But F*= % 

2 

. _ ^ 

* * 2 4(2)'-2)) 


(00.23) 


OraMUM SLOPE FOB HIGHEST BOIL COHSmOlB FO R GIVE M DIAUnEBI 
AT THE LIP AHB THE THBOAT OP A PDIRBL 

Let y be the depth of boil below throat B. 
tltt distance of boil point from the bairel sidea equal 

to-^in this case. 

"Wt have, the projectile fmmnla 


y >= s tan a+ 


2 F*co 6* a 


fiy-^D 








2 8 (D'—B) tanooot** 






y— -g tan o + A (cot a sec^ o) 

B 

■c -^taBa4'iS^(<^<H-tm«) 
BttfoientiBtang with zeepeet to • 

is aai^ o + JT (— cosw^ a + aae^ 

M 2 
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This most be zero for highest boil, 

2 cos® a \ sm® o ‘ cos® a J 
i. e., sin * a K (—cos* z + siu® o)— 0 


i. e., sin® « + A’^ = -S’ ( 1 - -sin® a) 

z'.e., sin®o ^ ^ 




2 A 


i. e-, sin® o = 


D® 


•'2 A • 
D+4 A 


or a = sm-‘ ; Z) + 4 A where A = 3 - ^, — ^^ - (6C.26) 


.sabstitating valnes for a and F in Equation 5 , 

n. /~2~P~. ■D(2i),2 ?-2?®) 

* — V 8 Di-TZ) 1 Pi-®) VI 


4 DDy~ 3I>* 


(6C.26) 


The difference given in the height A of boil-point by the application of the 
Equations (60.23) and (60. 26) is not very great. In both the formulae, the dia- 
meters of the funnel at the lip and the throat are taken as fixed while the hei^t 
and slope vary. In Equation (60.23) the l^st timer for boil-point formation is 
obtained by having a higher vertical component of the velocity at the throat B. 
While in Equation (60.26) the highest boil-point has been obtained by having a 
larger horizontal component of ‘the velocity at 4 <!he ;point of jthxoHv-gff at the 
throat B. The height of funnel requited is less® and the slo^flatter than in 
the former case. By designing the fonpel according to Equation (60.22), the 
volume of aizto be sucked out will be l^st but tb& v^ocity of the ^atp^suing 
out foom |he B smafier than ih the fonner case on accbtmb the 

lower height of the fn(in4l. The momentum of the water thrown off from the 
throat nmy be too small to resist the puhctuiing action of the^air rushing in 
from the outlet to break the pressure difference as soon.as it is cte§i|ed. '\^h 
alower velocity, a larger volume of water will be required to ^in the necessary 
momentum to form an effective water-seal. That means, the priming depth 
will have to be bi^. 

If it is designed according to Equation (6C.23) the volume of air to be 
sucked out will no doubt be more, but on account of the bigger hei^t of the 
funnel the water at the throat B is thrown out with a larger initial momentum, 
resulting in a more powerful sucking force. A higg^ height is favourable also 
for volutes to come into full action. The priming depth in consequence znay 
become lesser. ^ If the difference in volume as measured feom the cfbwr itf the 
dome to the boil-point is not ye^ great between the two designs, it is better to 
choose the steeper and higher fahneL 
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The choice of the slope and height of funnel is thus largely a matter of 
judgement based on experience. A lip I’fJ times the diameter of the barrel 
with a funnel height equal to one third of the ^ameter of the barrel will generally 
answer the purpose. This gives a funnel .-lope of 1 to 1 . 

The diameter of the funnel at the lip has been deliberately assumed as 
fixed. An increase in diameter will not only lessen the discharging capacity of 
•the dofign per foot length of spillway available but also increases considerably 
’ the cost of construction out of all proportion to the resulting small decrease in 
priming depth. 

Other devices for forming a high water-seal have been tried experimental! 

' One was to shape-the funnel-like a bowl. While this no doubt ai^ the forma- 
tion of a high water-seal, the momentum of the water thrown off from the 
throat does not in any way get increased. There is also the danger of cavitation 
occurring at all the depressed portions when the siphon is ^char^ng full. 

' The fiow from the lip overrides the volute ribs producing turbulent flow, thns 
reducing the co-efficient of discharge. . Instead, two slopes, one of 1| to I 
for two thirds of the height of the funnel measured from the lip level and another 
of 1 to 1 for the remaining one thkd height was next tried. A small shoulder 
at the junction of the two slopes was also introduced. Since this had no sig- 
nificant effect on either priming or discharge this was dropped. - Instead, the 
tnro slopes were joined by a smooth curve. This also was found to have the 
name disadvantages as that of a bowl-shaped one, instead of any added advan- 

m 

The lip of the funnel should be round and smooth to allow easy access 
for water. 

, •• The throat, that is, the junction line between the funnel and the vertical 
.pipe should be absolutely sharp. It is better the throat .end is just a firactioB 
of an inch projecting into the vertical pipe diameter, so that every drop qi watfc 
flowing along the funnel is thrown out, and aids in the formation of a water- 
seal. Any attempt at bell-mouthing the junction of thethroatwith thebairel 
will result in water hugging to the sides, increasing priming depth considerably. 

VOLUTBS 

The performance of a siphon depends to a lai^e extent on the design of 
the funnel and the volutes. 


As explained below the design of the funnel and the volumes uhould be 
.such as to cause priming, by first creating a high water-^1 and then evacuating 
• air (a) by dragging it at the boundary layer due to velocity of water, (6) by screw- 
ing it out by giving a spiral motion to the water-seal, (c) by creating vapoUr 
particles in the air .space above boil point and (d) by physically trapping it. 


r 

' '.The desi^ of the funnel governs the position of the water-seal. 

'* Tire d«l^lhSf't^‘el’Volu<^1g6V(Jms tKeiSSstfibdlB of evacuatarig ' 



884 caBimuL board of ibbzoation annoaxt refort ld 4 d 

Tbis depends en the ntuaiber, heiglit, shape and orientation of the volutes. 

ORnafrATOM of thb volutbr 

Let ABC and A' B'C' be two adjoining volutes, Figure 6C.22 (aJT of a 
siphon with n volutes. 

LetDD'bethethroat of the funnel which is also the r^us of the bsc^ 

LetOBCQandOB'CQ'betwo radii such that the arc Q Q' is i/24th 
the circumferential length. Let 0 D=jB. Leave a small margin say equal to 
3/10 R from the throat and draw another circle which will cut O D Q and O 
W Q' at C and C' respectively. 

; S is the sloping length of the funnel Along the radial lengths C Q and 
. (j Q' measure CB=s:C'B's=p ft. join B' by a line and produce it to meet the 
_ Kp at A'. Then A' B' O' is one volute. 

Similacy draw the other volutes ABC eft;. 

Let n be the number of volutes. 

the angle subtended at the centre by any pair of volutes.. . 

• Sl(^ of faxmel=l to 1. ... 

Let 6 betheangle the filament flowing at B makes with the radial length 
-BC, the angle being measured in a plane containing BC and para^el to the ftui* 
nei plane at BO. 

Let p^length BC of the radial portion of the volute 
h-sr^hight of funnel. 

The water enters the lip radially in filaments qi q^ ga', q^ q^ , and 
meets the volute AB. All the filament paths get deflect^ along the volute^ 
and gain a certain inertia of movement in the direction A B as they flow hug- 
ging the volute face A B. At B, they have to leave the volute. The paths of 
the filament now get deflected again due to the slope of the funnel- The orien- 
tation AB of the volute should be such that when these filaments fan out in 
the poirtion BO'O, one extreme filament from AB should strike the tip C'of the 
next volute, and the other extreme filament should flow radially along the 
path BC of the volute. That is, the circumferential velocity for one erjteemo 
filament should be zero, so that its path is not deflected from the radial line BO, 
and the circumferential velocity for the other filaments should go on increasing 
till it is sufficient to make the other filament BC^ strike the tip of the n^i^bour- 
ing volute at <7^ In such a desigii,A2ie .water wilLfga out luuforady psw the 
Agtn Bcra 
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▼•loraiiljr aie4piiEed bj i»»t«r filamente B 

TbeT«tic4Jdis(aiu}e to be travelled between Band C' =;^j7= 

P * 

Horizontal diBtance=2 R sin— -1 — 

n - 


P 




HbiMMaiil vekcity coospoaeiit at BsV: 



vT 


sia 8 


/ — Z_. 

Teciical velocity component at B=«=y%^V VZ 

r 

We have for the horiisoatal and vertical distahcee travelled ixi 


“° • ( ^vri” 


yg-y 2g' 
IPtmai (6G.27) we have 




® * 1 1 <t 


....( 602 ^ 


w ✓ P" \ 

a»-( 2fi+^^ f 


/h ^ 




V2s V 
Sabstitating in (6C.28) 


— j— • an 0 
V 2 


sin»*|( 2 P+^-y* 

P icr P \cot0 0 » V 

^ =an-(2P+y^ V + 2 ' , 
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That is 



p 

1/2“ 




. . . .(6C.3dj 



Xttis gives me leiatio&sBip oeween, luie nkuioiivuguu.y — i- - -o— 

JkB in a volute. It is seen that shorter the length of f, greater the orcmn- 
ferential velocity. TbemamentsunderaW^<^\^er^tialvelo(atyfro a 
powerful ^iral vortex homing the sides of the haitel with a very thin or no 
water-seal. The radial filameiits will be too feeble to overcome the merfaa ^t 
up by the cixcaiufereiitial velocity to ixxeet in a poiBt to form the boil- If ® 
radial length p is made very large the dxcnmferential velocity will be too 
to induce proper fanning out or be helpful in creating a vacuum quickly, 
efficiency of pruning depends on the strength of the circujnfetential velocity* 
It should, therefore, be made^as strong as possible mthout breaking watpr-sea 
fomation. 

A 

Model Experiments show that ~ --^T-gives satisfactory resultei. 

In a siphon, where • 


«rs24, 

3(6C.80). 


:18 feet, As=5'75 feet, we have 6=68^ applying the Equation 


Actually there will be a volume of water flowing along the' volute and not 
a single filament as assumed in deriving the Equation (60.30). This induces 
fciction and deviationt in flow. It is not sufficient if the extreme filament first 
touches the tip C' of the other volute. It must ^rike against the tip so as to 
induce formation of a ribbon-^like jet. "When these ribbon-like jets are thrown 
out fix^m the various tips like C, these by throwing out spray when they meet one 
another help in sacking out air. A certain amount of air is also trapped between 
these filaments and those fanning out and forming a rotating water-seal, 
i^tual experiments have shown that the single 6 to be taken should be only 
nine-tenths of "Dhe calculated value for effective priming. 


.... (60.31) 

Where Q is the angle GBC^ actually required 8 is the angle calculated 
theoreticaU^. / 


JC«=0*90 0=:0-SK) 


.... (60.82) 



SMLtWAYS. ^ 

■■ Yariatim of rehcityfrom C to C'— Consider any point X on CC', Let h 
be tie angle subtended at the centre by tbe chord CX. Since the length of arc 
• CC' is small, it may be taken as equal to the chord length CC'. 

GX=-2 R sin - — . BC in the plane of-tbe fnimel=j: 
2.BCi3:=:9o®-f-L. 

BX»= (2fi .in Bp sin_| ^os L ECX , 

-(^22?8in-^j 4y+4fip sin-^ sin A, since cor Z,BGX 

I , 

-icor^90 + .i )=— «» Y 

.•.BX»=Mn»~(4 S*+iRp'^f 

** ' . ■ . „ 

or BX=.^y8in* |-(«?*+47?pH-}> <60.33) 

Let Sxssangle between BX and its projection on the horizontal pUraOr ** 

P 

8i“0i=?:^wBX ' (60.34) 

cos 0i=v'l— P*/2B^ ■ {e0.36> 

V 2BX*-p* 

2BX* 

. “v'2~Wsin*~(42?*-j-4Pp)-p» 

VT^*/2 (4 58+4 Sp)Jr^ 

■ Velo<^ of water at Xs= • ' 


(60.36) 



m 


twt OBMIIBAI. BOAItD 07 IBSIftAXlOK ANinJAL BBFO&T 1948 


10 « 


“V' % cosd^ 


Therefore the radial ccnapoaeat at X in the horizontal plane 
gh cos 6^ c(» 0!^ (OXB in the horizontal plane) - 

Oireinnferentiarcomponent at X. 


(6 0.37) 


»* V 2 pA cos ^)sin (6 0.38) 

Kow in the Iziangle 0 BX in the horizontal ^lane 

BXoos^i OB 
*dn X '* sin /i, OXB 


Therefore anr OXB 


OB sin X 

i a < I „ y. 





^b^OXB« 


'i 


A / BX* cos*-6i=.T’ X 

V V; i \ ;v. Tv.a --./ I ,,, 


(60.39) 


P^ne,sub8titntingfotcos ^OXB 


{••V! 


*V2s(h 


eoa 6^ • BX eos 6^ 


\/bX* <508*91- ^l?+^^sitt*X- ■ ■ 


V 3gh BX . 008 * 81 ■ 


^BX*c0886j. ^ 


(6C.40) 


^ are obtained from Equations (60.33) and (60.34) 
Cireumferential component 9f X, in the horizontal plane 


P 



snjxw^Ys 


( iH- - 7 = 

V 2 y 

BX 


(sail) 


The value of BX is obtsmed from Equation (6 C.33). Substituting this, we 

.have 


V 2 ^ ^ 

^8iu*|-(4;2»+4 2?y) + j»» 


(6C.42) 


When X^O, radial component 


V 2 gA. BX.eos «6 
£X cos 6 ]^ 


= V 2 gft. cos 61 

^ Substituting X = 0 in the Equation (^.40). 

This is the niaximum value attainable of the radial component, and at 
this point, circnmferentiai component = 0 , which is easUj seen bj sub^toting 
XsstO in the Equation ( 6 C. 4 I). 

''-I ' ■ * . . * 

- . * ’ “ 27r ''*'**. • ^ “ » -1* 

i .. Sinsulwy when X the radial velocity ia a minimum as can be ^n 

n 

from the same Equation (bC.40). ' 

, . ^ The' circumferential velocity is then a muEudmum (Equation (6C.41), 
pvA the value of neither of the components is sero. 

For effecting water-seal, the value of V ^ cos should be such that with 
iSiis velocity of throw off at the throat, all such filaments from the several volutes 
^orm a boil within the vertical pipe. 


'We have also seen the circumferential velocity varies from point to poini. 
The velocities of all the fi'aments are the same at B. AU the filaments have to 

ion down the same heigbt-r^- before they leave the throat. But the dis* 


tances traversed by the filaments vary from BC to BC' or the aug^e with which 
the filaments are thrown off varies from 


sm 


PIV~2 


'W 


4oiur 


WT 

BC* 
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Dae to tliese different angles of throw off the fi’aments issuing forth are not nor- 
mal to'ihe circumference of the throat. The steepest filament is at C while the 
flatest is at C'. The result is, the fanned out la^fer of water occupying the space 
BCC' is thrown out in a tilted plane. This happens in the space between the 
next pair of volutes as well. The filament near C' in the next volute is the stee- 
pest, while the filament at 0^ is the flatest. Due to sudden change in the angles 
of throw off between the two filaments, there will be a gap whidk traps the air 
between them. 

We have thus a series of petal-like formations like those of a rose flower 
each petal overlapping the other. Due to the circumferential velocities in them 
they rotate closing the 'gap between the petal-like fonhations and entrappmg 
and screwing in air. This is further assisted by the throw off of the ribbon-like 
water filaments issuingforthfrom the tip C' by a certain portion of the flow bet- 
ween the volutes impin^g against it. The radial yelocities in the filaments 
also carry air with them in their boundary layers. Thus air is evacuated by all 
the four processes. 


The volutes have to be as thm as possible so as not to lessen the ^ea avail- 
able for discharge at eaofc section of the funnel diameter. They may Be tap^ 
,r^ both at .the lip and the throat like the cut waters of bridge piers so. as to 
’.offer ininimum. resistance to flbw. ' 

Owing to their thickness which is necessary for their stability, it is neces* 
sary to end them a distance of about t /lO above the funnel bottom to ensure a 
•complete film of water all round tihe funnnel at the throat, . (ss-the sloping 
length of the funnel). 

; The number and the height of funnel go together. The greater the num- 
ber of volutes the lesser will be the priming depth lipto a certain optimum limit 
with corresponding decrease in ‘the co-efficient of discharge. ‘ The height of 
volutes should necessarily be not less than the expected priming depth, to pre- 
vent interference of flow between one pair of volutes and another. The re- 
duction in priming depth is due to increased spiral movement.oaused .when 
number of volutes is increased. We have already seen that the angle of these 
volutes can be so adjusted as to get a film of water covering the entire area 
between them. But greater the angle &in Figure 6C.22 (a) greater will be 
the distances AA^ between the volutes. A very large increase will make all 
the water filaments hug the iraier ' sides of the' volutes so that the difference 
.between the velocities between C and C' will become very great causing un- 
evenness of flow. The momentum of the filaments at O' may become too low to 
resist the puncturing action of the air rushing in from the outlet - whenever a 
difference of pressure is created above the water-seal portion. ■ It is; therefore, 
desirable to have the volutes as close together as possible* without unduly 
reducing the co-efficient of. discharge^ They may^also be convenient multi- 
ples of four or six to enstftJe symineriy of flow. 
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Scale model experimeats conducted at the Hydxatilic Besearch Station on 
12 in. model (that is, the diameiei of the vertical pipe was 12 inches) 
operating under a head of 3*25 feet gave the following results 


Experiment 

No. 

i 

1 ! 

1 

2 

3 

4 

5 

6 ; 

7 

t 

8 J 9 

1 

10 

11 

Number of 
Tolutea. 

6 ! 

1 

1 

6 

6 

’1 

* 

9 

; 

9 

1 

9 

■ 

12 1 12 

. I 

12 

* 

is: 

Height of 
Tolntes. 

1 

I 

1 

1 

I 

n 

. i 

i 

i 

1 

lij 

li 

i! 1 

i 

1 

li 

Primittg 

depth* 

1 « • 

! 

1 

1 

6 i 

1 

: Si 

1 

BJ i 

• i 

1 

i 

I i 

1 «i 

1 

j 

1 

4 

! i 

4 ! *\ 

' 1 ' 
i i 

3i| 

.8 

Ooeffidentcf 

dkeheige. 

0*85 ‘ 

1 

0*88 

1 

1 0-83 

1 

0-81 j 

i 

0*81 

j 

0-80 ! 

1 

0*80 

1 

1 0*78 ! 0*78 

i i 

1 

' 0*76 j 

I I 

, 1 

9 15. 

All dimensiozl 

g ue in indhei. 

i 

t 


i 

1 


i ■ 

i 

1 

• 1 



In small models the distribution of flow between volutes cannot be studied 
well Any small'eiTor in the distribution, or turbulence caused by low volutes 
does not affect priming or dischaige serioudy. The results ate indicative of 
the effect of increasing the number and height of volutes, ; j 

Regarding the section of the volute, its sides may be kept aormS' to the 
plane of the funnel with the top edgie^ ^jmded off a little to give smoothness 
to the dischai^ when the fiinnel is fldwmg after priming. Cup shapes and 
^thec shapes inodtating ti^ blades of a centriffigid pump or .tarbjpes have not 
been to bo advantageous as per rngperimwatai cdn^imted at thereseacoh 
station. 

The edge B of the volute ABC in Slguie 6 C.22(b)thatis,tlte junotk» 
between the radial and inclined straight lengths of the volute may be smooths 
ened withn small curve. 

• 

In order to bring about a uniform dist-iihutionof flow between the volut^ 
at the throat, the effect of ^ving a small counter slope or superelevation 
from B towards B' was tried.. This causes turbulence in the flow and is not so 
good^.deviw asthoonsohtsmedby nits^le ori|¥a^iti^i5f .the 
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(18) KXPERmKOTS ON THE E16E>HEA1) 8IPEON AT s hihihwa 


A Tokte siplioti of 10 mclies diameter with an operating head at 62 feet, 
has been put up in E^dihalla between Shivasamudmm and Rbi'nialm Xhe 
siphon funnel and dome are enclosed in a steel tank which is fed with water 
from two cast iron pipes which in turn get their wato: from the penstock 
pipe cartTing water to the Shimsha hydroelectric works. 

The priming d^th is very low (less than | inch). But there, is so much 
turbulence in the tank that air is not prevented from entAr iTig i nnida The 
outlet tuns full and tho^ an accurate determination of the discharge coidd 
not be made, the co-effinent of discharge was foxmd to be very low being about 
0*.46. That is mainly due to two reasons, firstly entry of air into the by the 

turbulence of watra in the tank, and secondly as the diameter of the siphmi k 
too small compared with the head— which will not be the case in actual pactioe 
—the lossffl by feiction are very great. 


(18) l!‘UEI H !l E B EgB BI inW TSOysIPE(HKl^^ 

^ AND OUTLETS (») 

Withaviewto improvii^; the priming deplh and as suggested by several 
SQ^een, several investigatjons were aade with regard to ' . 

a)Tids|ai 


waimm 

Ib ^ of the aaOeaatieal kvestigBlieitt ^ w 

twfrihedesagnfwthe Jog riiduttB. Twenty-four volutes werataopbBed 

valuta would consist of two strai^t portions, one bring radial Mrieuteudiiiw 
famthe bottom to one third of the funnel in order to pwventMiy aivoau ^ 


and the other taking off from the radial end to the tip of the fhnnri at the re- 
OTT^OrientatiomwiftJevolnte ends tapered. This method has been found 
e^ve. ^ ^u^, the angle be^een the two straight portions of the vo- 
httashm^beSS (e^norangle) Experiments showed thatwhile tibk anda 
waatemfor a mig^efi^yngit touching the tip of the next volute, 46* angled 
MiBWwaifomdistnbctionofflow. The cornet at the junction of the Sd and 


BiOnoBB BcMithSMian, K iMiiW i Wjm jtt , JtoamJ Itcpori^ 1 U 7 , 4 S. 

.89k Bewanii fiMte, XdAasniMafar, Awml Raper^ 1M7, lBsw4My, 
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oriented length of the voltite was rounded off by a 1 foot radius curve. This 
ensured an even distxibuldon of water ^ong the length of the throat, at the same 
timA pribg the desired effects of a water-seal and circumferential velocity to 
water filaments. The tiiickness of volutes were made 6 inches and the heighi 
1'6 feet from the bend to half the upper limb and tapered off towards both 
ends to a hei^t one foot (ffigure 6 C.23). 



Ail proposid was verified with a three feel diaaHtei wtioal banal wllh 
tfiotsei of slope 1 : lofaheig^tofc^fool.fhleheoizaqpoaded too l/fsaals 
med iJ of Biidl>hasger ribbons. Kodomewas used, nor any bend and theneeea' 

saryoatlek. The fannel was mounted onathree feet diamet e r citcuhtt well aad 
tiie water <’iiaAl»>T'g in g into this well was conveyed outside by means (da two 
feet square outlet. The experiments indicated the nature of the streamlinfls 
vcdutes bef<n» priming cmd also they indicated howtibedei^BlBfNq^ 
abowttiie water-seal and twisting effects. Wlule then wasamuCranfilanwA 
ofwster aO round the throat both having a twisted motion and czeath^ a wateS' 
saalt aWBB filaaoBlB of water striking the noaes ef tbs vohtes waza dsieelei 
writ itown i toward the centn, tin whole thing a^P^aring as a set of petals of » 
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flower and behaving as a device to entrap and suck the air out effectively 
Photograph Kgure (6 C.24) indicates the stream lines. The petal forma- 
tion supeiposes the uniform flow over tbe throat. 



FigaN6C.24 

BmBiAi. Tourns 


It was suggested that an altematiTe design on the principle of a turbine 
could be usefdly investigated. Experiments were conducted on a one foot dia- 
meter siphon. The barrel has no funnel at the top. Water is guided into the 
vertical basirel throng a set of volutes mounted on an external inverted funnel 
(Figure 6 C.26)--all other things remaining constant. This kind of siphon 
prtoed early for a depth of IJ to 2 inches. The effect of the volutesbefore pri- 
nupgis yerylittle and after prhning it induces terrible vibrations in the ^me.‘ 
Tm is due toi a greater area of' high velooiiy r^on between lire dome and tl&' 




Bgure6C.26;-SfiOMrfnf detailed drawing of turbine siphon 

^•Ho.27i7 XDO (0*50- 1,210 (PJt.O.). 
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barrel. The co-efficient of discharge is necessarily low owing to great losses at 
the top of the barrel and is found to be 0‘65. In order to lessen the vibration, 
the dome was raised by two inches and it was found that the vibration decreased 
enormously. 



TDSBDIE SIPHON 

Yet another suggestion was to join the drum and the vertical barrel by 
means of helical vanes. This would result in separate compartments which 
should guide the water into the vertical barrel in an angular direction. This 
was tried in a one foot diameter siphon (Figure 6 C.26). It was found that 
even two feet of depth of water above the lip could not prime the siphon. A 
huge air core was formed at the top of the dome and its diameter diminished 
with the increase of depth but never complei^y. 

SIPHOn WITH GLOGKWISB VOLUnS 

To obaarve if the change in the direction of the volutes would improve the 
priming depiffi, all the volutes in a one foot model were made clockwise. The 
priming depth did not improve. 

VOLUTE SOPHON WITH BECTAN6ULAB OUTLET 

As a measure of reducing the priming depth it was suggested to make the 
outlet rectangular. The change was made from circular at the top of the bend 
to rectangular at the lower end of the same area and width of outlet bei^ as the 
diameter. In the experiments made, thesiphonbarrelwasonefootindiameter, 

the outlet 1' x . This model with a head of SJ feet primed for a depth of 

inches and ran full bore. The priming depth is high because, before priming 
water flows to a very small depth at ^e outlet. 

IISIOBI 
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In the light of these esperiments the follomng deductions may be made 

(1) A greater number of thin, volutes mathematically derived are more 
helpful than a smaller number of thick ones widely spaced. 

(2) To put volutes on the outside of barrel does not as such help priming 
but causes serious vibration in the dome after priming. 

(3) Joining the drum and barrel by guide vanes and thus forming separate 
tiAlipttl compartments prevents priming at reasonable depths. This indicates 
that radial velomty is very necessary. 

(4) To make the outlet rectangular instead of circular does not help in 
improving primii^ depth. 


(20) DESIGN OF A mm CO-EFFICIENT WEIB AND SCOUR PREVENTER 
FOR THE TUNOA ANICUT H 

ABSTRACT 

The subject matter ior this article been the result of numerous experi- 
ments ocmduoted at the Hydraulic Research Station, Erymarajasagar, ig 
way (d investigating into the design a suitalde high co-efficient weir spiQ- 
mg for the Tonga River at Sakrebyle. The normal width (A the River at site 
is about 1,000 feet and the conq^uted discharge £50,0CO cusecs. Assuming 
the ordinary iiapeeidal sectimi for the sPiRway, it teauires l,7d0 feet Imigth, 
witbaspiUage depth of 13*75 feei This entails the widening of the river 
and cutting a dzaftehaanbl at the site, 

Inyestagations were made with the help of small models in order to design 
a high co^cffident the idea being either ; 

(1) To effectively cut'down the length of q»illway, or 

(2) To lessen the depth of spillage and hence the area of land_£to be 
acquired, or 

(3) To increase the storage in order to supply water to sugarcane crops 
in the 'dry season. 


(«*) Hydtnlic ReBesrcb Statloi^ Sigbnatajasagar, Ajumal Report, 1947 pages 47—67. 
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THEOHT 

The usual weir formula is : 

Q—C.L. where 

Q=Dishcarge in cusecs, 

C=Co-efficient of discharge, 3*1 for broad crestied wrars and 3*33 for 
sharp crested weirs (Francis’s co-efficeint) 
is=Length of weir 
h=Head measured over crest 
A^=Head due to velocity of approach 

When good stilling arrangements are made in experimental units the vdo* 
city approach is very small compared to the actual head, so that the formula 
is written in a more convenient form 

Q=CL 

It is possible to improve the value of € by suitably designing the profile. 
The usual method of doing it is to design it as the undemappe of the sheet of 
water falling clear fifom a sharp-crested weir (Figure 6 C. 27). 



Let A„=;head over the crest of weir, 

he— depth of water surface over the theoretical crest of sharp-crested 
war, 

X—hg •— hyf 

Then experiments show that X=0‘126 
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To arrive at the theoretical coefficient of such a weir the Francis’s co-effi* 
dent of 3-33 must be increased accordingly. 

Kott we have, 

Q 

^C.L (M26 


=3 -33x1 •1261-5 ^ £ X ^^1.6 


=3-98 L. A«i-* 

In a weir so designed, the nappe just adheres to the surface of the profile 
.and the pressure at aU points on it will be atmospheric. 

To increase the coefficient of discharge still fiirthOT, the profile may be 
designed for a head smaller than the actual value. In such a case, due to the 
suppression of the nappe, the curvature of stream lines at crest be more, 
with a consequent steepness in the pressure gradient and negative pressures 
develop and the co-cfficient will increase. . 

The theoretical profile is difficult to be adoptedin practice. So alternatives 
having all the required qualities arc to be sought for. Moreover, unless the 
height of the spillway dam is high (more than 60 feet) the sections so designed 
will be more than necessary for stabihly. 

CO-EFFICIE?T OPDISCHABfiB 

The co-efficient of discharge depends on various factors, all of them 
helping to increase the curvature of stream lines at the crest. The followir^ 
may be mentioned : 

(1) The nature of the profile at the top. 

p) The slope of the rear glacis. 

(3) 'Th®-^ *atio. 

(4) The approach conditions which include silt accumulation in fix>nt of 
the weir. 

(5) The number of end contractions. 

^6) The extent of the negative pressure developed at the crest. 

Schoklitsch has stated that the silt accumulaHon in firont of weirs helps to 
increase the co-efficient. In the usual models the rnci- eaflc could not be 
discerned and extenave experiments ate necessary for establishing the nature 
■4i£ ^t and the nature of formation that effects such an increase. 

Ei^ contractions have the effect of a reduced wtsi length and hmice the 
4BO-6ffiinra.t win falL So the number of end oontraciaons ^ould be minimisod. 
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The extent of the negative pressure developed at the crest depends on the 
top carve designed and the tvro together cause a sharper curvatnxe of stream 
lines at the top. The absolute value depends on the spill^ depth. The 
negative pressure should be well within the cavitation limit i.e., within about 
24 feet <rf water. 

It is found that t^e co-efficient depends on the head-hei^t ratio or the 

^ratio. Up to a limit the co-efficient increases with ihe ratio and th^ 

falls again. The peah point depends on the profile in question and unless the 
corresponding head is reached it cennot be realised. 

Thus it becomes necessary to choose such a profile, &om a ^ — Cd curve 

which has a peak point as near as possible to actual critical conditions of dis- 
charge. 


BYPEHTMEN TAL FBOCEDDBB 

For an accurate determination of the co-efficient of discharge in high co- 
efficient weir models, the following ffictors are essentia] : 


(1) Measuremenicfvdocity of approach . — ^In all experiments, the velocity 
of approach cannot be prevented, in spite of elaborate stilling arrangemente. It 
becomes necessary to add the corresponding head to the head read by means 

7 

of gauges. The head due to approach velocity is given by Aa=— 
where F— the effective velocity. 

The effective velocity depends on the nature of the distribution of velocity 
in the cross-section. It is not constant for two units, nor is it so for all flow 
conditions. 


It is possible to determine the mean velocity by measuring the dischat^ 
and dividing it by the cross-section. This must be uiultiplied by a co-efficient 
a to get the effective velocity. 


Fob = - 7 - and the head required may be expressed as 
A 






Where o is a 
within about 1*3. 


always greater than unity and 


The actual determination of the corrective co-efficient is rather difficult- 
The convenient way of doing it is to construct a sharp crested weir of the aama 
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faei^t as that of the model and comparing tht nenal weir foimnla and the 
Behbock foimiila for the discharge. Behbock formula for discharge ever 
aharp-crested weirs, with end-contractions suppressed is 

(0-605+ -32Q^g_3 + -^) 


where ffssdepth of spillage 
Psahei^t of weir 
The usual formula is 
Q^^^OLiE+hafi^ 

when the right hand functiozm are equated the value of ha is deduced. 


Then, a= 


2 Q’ha 


The values of a were determined for a low value and a high value of H and 
the intermediate ones were interpolated by proportion. 

(2) Modd Technique .— is necessary that the model should behave simi- 
lar to the prototype. The criteria for similarity are some dimensionl^ ratios 
which depend on the donunant forces acting. Dependii^ on the types of forces 
to bo considered, the scale of the model with respect to aU dimensions is suit- 
ably chosen. Usually the forces to he considered are (1) Gravity, (2) YisoosUy, 

Sutface Tensmi and (4) Elasticity. 

The first two factors are usually important in all hydrauhe models. It 
is not possible to satisfy the similarity conditions in respect of all the above 
■fectors.^ Depending on the nature of the espeiiment, the choice of model 
dimensions is governed by the dominent forces. The usual dimensionless 
ratios used in exp^ments are the Froude number and the Reynold’s number, 
which govern gravity and viscosity forces respectively. 

P 

Froude number — 


Reynold’s number 

V- 

where, F= Velocity 

Zs=any length influoxcing flow 
psacceleraticns due to gravity 
pasmass density of fluid 
pas<io..efficimit (^visconty 



spillwats 
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It will be seen &oiu the above ratios that Froude’s niunbeE refjuiies that 

V a and Eeynold’s number Fa Unless the model scale is 1 : 1 

’ L 

not more than one condition can be satisfiedjat a time. For models of weirs 
and dams, where the important force acting is gravity, the Froude mimber 
mast be the same both for the model and the prototy^. 

Expadments were conducted with a 1/32 scale model. 

The foUowing are some relationships which held good for the model, which 
was used in all experiments. 


Length scale 

Lr = 

Lr = 

82 

Time sca'e 

Tr = 

{Lr)\ = 

5.7 

Area scale 

At = 

{Lrf = 

1,024 

Velocity scale 

Ff = 

m = 

5.7 

Discharge scale 

Qr = 

(Zr)6/* = 

5,792 


where r referred to the scale ratio of prototype to model. It will be interesting 
to note that in the case of weif models, the co-efficient cf discharge varies 
with the size of the model also apart ficom reasons above mentioned. For 
clear overfall weirs, the co-efficient is higher, tffie bigger the model. This is 
due to sharper stream hues at the top and a consequent steeper pressure gradient. 
However, in submerged weirs, the behaviour is quite different due to a lesser 
sharpness in the curvature of the flow over the weir and a flatter pressure gra- 
dient— the bigger the model, the smaller thr co-efficient. However, by ex- 
perimenting on two or three scale models it is possible to make a fair estimate 
of tbe probable co-efficien^ in the prototype. 


• Abo, the smallest ; ize of the model to be chosen is limited by the Reynold’? 
numbw. A Reynold’s number of 2,000 denotes the lower critical velocity 
condition and 2,500 denotes the upper one. The lower value being the true 
limit, it is necessary that in the model laid ia conformity with Fronde’s law, 
the Revno’d’s number sbould exceed 2,000. So we can e-stabUsh the following 
relation.* hif. 

Re«.e.,JA>2000 

Y 


But Y =. 


0.0000192 


1+0.03368 0*000221/* 

where / = temperature in centigrade. 
Assuming / == 20° 


Y = 0.0000075 

So Fi > 2000x 0.0000075 <4., YL > 0.015 
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HNISHING OF THE MODEL 


Froudo's law requireg that the model ratios should obey 
F,=ri 

By Manning’s formula, 

r==— 

n 

and the prototype model ratios are related by 


T> 

(6C.43) and (60.45) 


i2,2/8 

as K and s are coii^’ants 

«f 


(60.43) 

(60.44) 


( 60 . 45 ) 



whence in terms of units 

«r=(ir)’^« 


withflje best cement plastered surfece we can have n somewhat less than O-OIO 
and not always as small as that demanded by the law. The model surface w'aa 
made as smooth as possible, giving it a glcssy surface by rubbing with flint 
stones. 

Thus Ihe ftictioial resistance in scale models is more than that the scale 
Jaw dfmands. So the co-efScient of discharge obtained in the model is loss 
than that in the prototype. That is, however, an error on the safe sido. 


EXPERIMENTAL ERROR 

Assuming the tisual weir formula, and a unit width Q=C.LJB H 
including the head due to approach velocity. We may study the behaviour of 
the co-efficient of discharge with an infinitesimal variation of H. We have, 
for a given Q, differentiating the equation, 

fl3;a i.e., B8C-\-~€SH=0 


i e., Sc= 


2H 


It is^ seen from the equation that the error in deducing the co-efificient is 
opposite in sign to that committed in reading the head, i.e,, if we overestimate 
the ne^ we (wdhee a lesser co-efficient. Also we observe that with the decrease 
in the head the error in the co-efficient increases. So-tbe error in experiments 
involving the measurement of smaller headaismore than in the measurement of 
bigger ones. 
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A slighii error even in the measurement of the velocity of approach wifl 
also cause similar errors. 

For greater heads, however, the velocity of approach increases and ren- 
ders the attainment of accuracy dif5.cult. 

OTGUS’S expebihents 

Sir Claude Inglis has done a set of valuable experiments on high co-effi- 
cient weirs which has been reported in the annual report of the work done at 
the Hydro-dynamic Research Station at Kadakvasala for the year 1939-40. 
It is clearly demonstrated therein that the high oo-effident obtained in wt its 
is due to the development of negative pressures. The problem is therefore *o 
get the maximum oo-effident for a minimum negative pressure for the required 
I ratio. He has listed a table of high co-effidents for various profile seo- 
tions for g ratios tanging from 0*51 to 1*70. Tbe maximum g ratio in 
the case of the Tunga Anicut is only about 0*35. It is well known that a weir 
which gives a maximum oo-effident for a particular | ratio will give a less' 
er value for all other ^ ratios. For a ^ ratio of 0*61 he has obtained a 

co-effident of 4*83 for a minimum P/wD ^ 

means, if this is adopted for the Tun^ Anicut, when a 24*4 feet depth of ^ter 
is flowing over tho weir, the co-efficieut realised will be 4*83 and the minimum 
pressure will be — 2*9x24’4= -70*76 feet, which is cavitation pressure. As 
the maximum depth tf overflow in the Tunga Anicut is only 14 feet, this sec- 
tion. cannot give the expected co-effident of 4*83. It will be very much less. 
As this profile neither gives the expected high co-efficient nor keep the pressure 
within cavitation limi*, it is dearly unsuitable. 

An examination of other sections proposed hy him were also found im- 
suitable for dnular reasons. Hmice experiments were necessary ,to get a suit- 
able profile for the. conditions obtaining. 

bxpebiments 

Experiments were conducted in a three-feet masonry flume the sides of 
which were wdl plastered, with effective stilling arrangement*. Side contraction, 
was completely suppressed and the side drag effect was minimised by p< lishing 
the sides. 


85 scale models were used throu^out. Assuming a co-efficient of rough- 
?iess for prototype =0*013, we have 




0-013 

(32)^/» 


=0-0073 


This is smaUor than an attainable value, 
indicated smaller vhlues than tnie ones. 


So the co-efficifntH obtained 
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It the experimMits all discharges were measured on a precalibrated right 
angled notcL The weir flume was calibrated for velocities of approach for 
different heads. All the heads were measured with hook gauges reading 
correct to O' 001 of a foot. , 

Results were plotted on logarithmic paper because it is the meat suitable 
one for interpreting the results as also for interpolation and extrapolation of 
tesnlts when tccessaiy. 

0BI61HAU.T P»)PCSED PROFILE 

It consists of the ordinary trapezoidal profile with a hei^t of 40 feet, a 
top tfidth of 10 feet with front and tear slopes of 12 ir 1 and 2 in 1 respectively, 
Eiperiments on a 1/32 scale model showed that the maximum co-effieieot was 
8*43 for a ^ ratio (D, the head and H, the height of the weir) of 0-55, 
fbt a head of 22 feet in the prototype. The co-efficient for 13*75 feet head 
(which is the maxiTmim head and assumed in the prototype) is 3 '105. 

HIGH CO-EFnCIENT WEIR PROFILE 

Experiments wer** conducted on circular, elliptical and parabolic top 
cnrv‘*s of the same parameter and the same rear glacis. The parameter 
was. however, arbitrarily chosen, consistent with the stability of the structure. 
The in;nt was kept vortical and the rear glacis was IJ in 1 slope. The results 
olTatned were a? follows : 


Shape 

^ Rnfio for Max. C. 

Max. 0 

Circular 

0-52 

3-89 

EUipidoal 

0-64 

3*93 

PaiaboHc 

0-66 

4'26 


Thus it is seen parabolic top gives a higher co-efficient than circular and 
elliplical ones. 


BEAR SLOPE 

Next it was proposed to find the effect of the slope of the glacis on the 
co-effidlent. The same top curve was adopted tlmiag^ont and the join 
sfthe ourveand the glacis was rounded cff. The tr.aTiTmun co-efficient is 
t)>taiiifed for a slope of in 1 . The oenosponding DJH ratio, however, varies 
bom dope to slope accotdmg to jjo regular law, hut for any paiticalarP/H 
ttdo the xaar dope fwmaximiun oo-effirient may be selected* 
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The following Tematka may be of inteiefi:. A glance at Sligoie 6 0.28 
shows that the nearett stxai^t line to the Creagti’s carve of snffi(nent height 
will have a slope in 1 (1 J horizontal and 1 vertical), and from pressure con- 
ditions, apart from others, the same olope may be advantageously adopted for 
dams of sufficient height. 



Figure 6 C.28 

C01i8rRUCr.0N op thp top parabola 

Construct an an^e AOO so that tan AOC=l/l|=2/3. Bisect the angle 
AOC and draw tiie bisectoic OB. Ihaw a line petpoadicular to OB such that 
the o&et to one limb— x. Let it cut the bisector at B. 

KsectOBatP. Then? is the vertezr^ the parabola. 
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Then draw tie paialwla APC, (Figure 6 C.29) wMcli is tangential to botb 
tbe limbs. 



Figure 6 C.29 
PARAMETEB. 

It was proposed next to investigate its bebaviour with different 
pacameters of the parabola the rear slope being kept constant (1J:1). 
Four different parameters were tried on a ^ scale model It was seen that 
the peak point was maximum for the parabola jc®= 1 • 514 y, the vertex being the 
origin and the axis being the ^-axis. For smaller parameters, the nappe tries 
to separate and the maximum co-fc:flSLcient obtained is limited. In bi gb^ para- 
meiers, the fiiotion at top will be more, the curvature of streamlmes at top will 
be leaa and hence the maximum cc-vfficient attainable is limited. 

PRESSURE. 

As previously mentioned, no design of a high co-efficient weir is complete 
without testifying to the fact that for the maximum obtaioable DjH ratio 
and discharge, conditions the pressure does not reach cavitation limit. 

PROTRURINQ LIPS OH TOP OP w nma. 

Very often it is seen in'high co-efficient weirs that a protruding lip is 
digued at the top . Thoi^h such an arrwigement alone cannot inqoove 
the co-efficient of discharges in any appreciable proportion a lip helps to 
secure the following advantages : — 

(1) Beddes keeping the designed high co-efficient weir profile at the top, 

masoEfy- can be saved in firont of the weir. 

(2) There is a n^igibly slight increase in the co-effiden’fi -of discharge 

owing to the elemination of currents from hottom and tl^at.onjy 
wh^ the depth of the lip (the thickness) is more than the depth of 
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SCOUR FREVENTEBS 

There are many remedies for the prevention cf scour below weirs. She 
following important ones may be mentioned : — 

(1) Aprons. 

(2) Baffles — Behbook dentated till is a special type. 

(3) Water cushion. 

(4) Creation of the hydraulic jump. 

(5) Formation of Hyhraulic Rollers. 

HTORAUUC ROLLERS 

The most natural end perhaps tiie most economical remedy is to induce 
such hydraulic rollers as help pile detritus at the toe of the dam and puah the 
formations of the pool downstream. Butcher and Atkinson have made an 
extensive study of hydraulic rollers and their theoretical investi^tion on minntft 
models has been of a grea^ help for us in the design rf dam proffles in order to 
induce desirable hydraulic rollers. 

There are two kinds of vortices, positive and negative. When water flows 
from left to right, clockwise vortices are termed positive and anti-clockwise 
ones negative. Both kinds of vortices may occur simultaneously at the toe of 
the weir. For a particular weir, the nature of the vortices are defined and they 
determine the scour conditions. Also the lines of flow are analogous to mag- 
netic lines of force and at any point both the direction and the velocity are 
defined. There will be neutral points such as P which are subjected to neither 
piling nor scouring. In a rectangular chaimel, the locus of the neutral surface 

such as AB which is usually c£ the form— |^=Af I’ 

That is, the stable surface is subjected to nexthez accretion nor scouri^. 
That shows the nature of the bed that would form werethe bed loose and easily 
carried by water. 

Several prototype invebtigations hear testimony to the fact that the modd 
observations are qualitatively quite representative thou^ often it is not quite 
possible to simulate conditions quantitatively in models. 

UPTURNED BUCKETS 

To simulate the required hydraulic rollers suitably designed upturned 
buckets are very usefriL These buckets not only add to the stability of wtits 
but also help to relieve the bed from the impact of water. 
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DESIGH OF DPrUKRED BUCKETS 

According to Schoklitsch, the minimum bucket radius for deflecting the 
■water jet reEably is equal to 0- 15 times the height of the ■ww. Extensive ex- 
periments of local nattbre have beeu conducted at the Poondi Research Station 
■with regard to the Ramapadasagar overflow dam. The design of the upturned 
bucket depends on the downstream leveb for different discharge conditions. 
Accordingly, however, there are two kinds of buckets. One is the shooting 
bucket with a ccrrespondingly great radius of curvature and a lesser angle of 
deviation. The other is the deep bucket with a small radius of curvature and a 
greater angle of deviation. 

The design depends on the particular problems to be dealt with and the 
vekcitieE and depths obtabing thereb. 

UPTintHED BUCKET FOB TEDBi TUH6A AHICDT 

For lack of extensive gauge records, a final decision about the upturned 
bucket has not been possible. However, assuming the maximum discha]^ 
conditions as upstream level 1,930.00 and downstream level 1,902*00 a design 
ha.- been arrived at for favourable results. The bucket vrill have a radius of 
10 feet its mvert 4^ feev above bed level the shoot of the water bemg at 45° to 
afford maximum range. 

Extensive experiments have been carried out to that effect, in a 3 feet 
wide glass flume, scour patterns being obtained for varied conditions of flow 
on a graded sand bed b rear of the anicut nmdel. 

Levels are gauged by means of moving trolley with a pobt gauge fixed on 
it. Upstream and downstream levels are regulated and the model is run for 
one hour— a length of time sufficient for qualitaldve reproduction of the pro- 
totype. 

Later, the sand bed is drabed out and the contours gauged by means of 
the trolley and gauge. 

It may be mentioned that the stable surface is independent -of the scale 
duMannjflessIffienmteriti is actually iinmovsble. Bucher and Atckinson have 
expodmanted with sand and gravel and they have testified to the fact. Agafa, 
they have made studies on the’prototype structuzes also and cmne to the <«TnA 
condhiaon. 


DISCUSSION BY USE RESEARCH COBDOTKEE 

Mu. S. N. Qufta btroduced items (1) to (3). He said that at the 17th 
Annual Heeting of the Research Commit^ a reference was ma/tA to the design 
oS a battery of volute siphons discharging mto a common tunnel. The 
had sinoe been worked out. The battery conssted of four volute eiphons of 12 
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'eet diameter each with a gradually expanding eommon elliptical tunnel 
!n1h an outlet area four times the individual barrel area. The working head 
eras 26 feet. The outlet ran full bore ; the co-efficient of discharge was observed 
to be 0 ‘ 7 and the priming depth one foot. 

Basic work had been taken up to standardise the design. Some of the 
interestdng conclusions were : — 

(1) The optimum spachog between the volutes was 41) for maTimnm 

co-effident of dischuge. The priming depth was minimum for a 
comparatively small spadng. 

(2) The rectangular outlet tunnel gave the n^mum priming depth as 
was expected. 

(3) The optimum number of volutes was found to be four. 

E^arding item (2) lla. Gupta said that a 15 feet by 10 feet saddle siphon 
with a volute priming riphon for Lalit^ur Dam was designed and tested in a 
model. This design was similar to the one previously designed for Pahuj weir 
with a few minor iterations. It was confimed once again that to ensure 
better priming qualities in a saddle siphon of big cross-sectional area, provition 
of a lip was essential in addition to a volute priming shipon. 

In introducing item (3) Mb. Gupta saidthatthe basic study on the volute 
riphon was continued during the year, maximum co-efficient of discharge and 
minimum priming depth were indicated when the diameter of the covering 
hood was 3 *33 times the barrel diameter. 

Eao Basadub D. V. Jooleeab introduced items (4) and (5). As regards 
item (4) he said that a half-size model of the gate and ^e waste weir were 
constmeted in the eight feet wide flume, and ezperiments were carried out on 
behalf of Messrs. Duncan Stratton & Oo., Bombay. He then explained the 
details of the experiments and results obtrined. 

In reply to a question by the Secretary, EaoBahadub Joqlekab said 
that it was at the hipest flood levd of T.HJ). ^2*25 of the res^oir that 
the gate started falBng. Upto ‘00 nothing happened. 

E^^vding (5) Bao Bahadub Joolbxab said that experiments had 
been carried out jpeviously to distipate the eneigy of the jets by making jets 
from adjacent ti.{hons hit each other — aflier they left, the outlet — at various 
angles. This method was, however, found unsatisfactory. 

In the experiments carried out tbiw year, jets ftom individual siphons were 
dispersed by providing suitable rirort length expanrion pieces to the outlets. 
The expanding portion or disperser had a central wedge shap^ ridge gradually 
increasing in hei^i away ftenn the outlet. The hei^t of this ridge at the eud 
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of the disperser was about l/4th the diameter of the siphon outlet. The disperser 
effected a fanning out of the jet, thus reducing the iutensily of impact with the 
Eater downstream. To further fan out the jet a tilting ledge was added at the 
end of the disperser ; the angle of the ledge could be varied to obtain opitmum 
effect ; various dispersers in combination with ledges at different angles were 
tested. 

In reply to the Secretary Rao Bahadur Jooleear said that the 
reduction in co-ef&dent of discharge was ftom 0-77 to 0-75. Tie 
maximum depth of ecour in the original was 0*526 foot. It was reduced to 
0*106 foot by this method. 

Mr. T. P. Kuttiammu introduced itans (6) to (13) and said that he did 
not have anything special to add except on the stilling basin evolved for the 
Lower Bhavani Dam. 

Mr. Kuttiammu referred to E%. 59 (o) on page 77 of his report and said 
that the design was a simple stilling basia with the addition of a single row of 
floor blocks inside the basin. This was found to be extremely efficiert. The 
floor blocks could be buttressed against the end wall for giving structural 
stability and strength. 

As Mr. Hardiker was not present item (14) was taken as introduced. 

Dr. J. K, Malhotra introduced item (15) and said that in the design of 
siphon spillways the jet should strike the river bed as far from the work as 
possible. This would ensure that bed scour clo.?e to the work wus avo 'ded. It 
was. therefore, sometimes necessary to indine the nozzle upwards. He referred 
to Naylor's formulas for o;timum inclination 6 of the nozzel, which would 
throw the jet to the maximum distance 1 from the work, for a given exit 
velocity 1 and a nozzel height a .: — 

Coaec e= 4. 2 

t7» * 


And 1 = Cos 0( Sine -f .^) 

which Dr. Maihotra said that these formulas were rather cumbersome and 
he had oonsidmably amplified them. He also demonstrated how they 
could be reduced to a veiy simple geometrical constme^ou, which gave an 
exact solution for land. 

Mr. N. S. GtoviNDA Rao introduced items (16) to (20) and said that 
esperimeBts tax dis^pating the energy of flow fimm siphon outlets were 
ooutinaed. Three i^ods had been tried last year, one by impingmg jets, 
anotto by ezpan^ the flow Atom circular to an^ elliptical one, and by 
piovicbng belicalgoide vanes at the outlet. Three more' methods were tried this 
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year. One was by supporting the jet on an ogee curve. This was ez{>ansive 
and the flow did not fan out well. Next a standing wave device was triad. 
This wa5 satisfactory but costly. The th id one was to keep the outlet 
practically submerged at the tail water level before pr.ming, leaving only 
a small gap for the air to escape. Th’s has proved very effective. In the 
eighteen inches model tested the priming depth was only ^ inch as against 
the usual three inches. 

Introducing item (17) Mr.- Qovijjda Bao explained how the design of 
volutes were arrived at. Begaiding the design of volutes two th ngs were 
important — one was that the filaments of flow fi»m the lip should flow along 
the funnel and in a point forming a “boil” which should be within the vertical 
barrel itself . The oth^r point was that the boil so formed should have a 
special motion so as to screw the air. The design is such thafl the air is 
trapped in four ways : — (o) by boundary air effect, (6) by screwing action of 
the water seal, Ic) by phyacalentrapoment of air between planes of flow in 
the succesive ^ps between two volutes and by (d) formafaon of spray due to 
impinging of fins created by the water filaments steiking the nose of water. 

Model experiments had been carried out to find the optimum height of 
the volutes and to find priming depths. 

Mr. Govinda Bao said that a knowledge of aerodynamics .vai necessary 
for the solution of the mathem^ics flow througn siphons. 

Begarding item ( 18) Mr. Govinda Bao said that theie was a school of 
thought that the discharge in a siphon was limited to a difference of 34th of 
watei levels upstream and downstream of a reservo .r. "What was 
actually limited was velocity with which water (»uld enter a 
siphon. Allowing for friction and other losses the net effective atmospheric 
head may be taken as 25 feet which corresponds to a velooiiy of 40 feet 
per second. This is the mg-rimTi fn velocity with which water can be pushed 
in by the atmosphere into a eiphon mlet. If you give euflSo.ent area at the 
inlet such that the total d'scharge at the inlet is equal to the discharge capacity 
at the outlet. Thejre is no r«ison why a siphon should not flow full f>r 
all headi. The des'gn is in the areas you give at the inlet and outlet. 
Eixperiments made at the 60 feet head siphon at Sh'msba hadheen sucessful to 
certain extent. The priming depth for a lo inch diameter siphon was less 
than I inch. 

Me. V. N. Nagaeaja introduced item (20) and said that the problem maa 
to deidgn a suitable profile for the proposed Tunga Anicut at Sakiehyle in 
Mysore State. In order to discharge about 250,000 cusecs over a 40 feet 
hi^ and 1,700 feet long weir with a spillage depth of 14 feet. The Khadakv asla 
Research Station had given a number of hi^ co-efl&cient weir profiles in thar 
^wTinal Report for 1939HrQ^ J^one of them could be adopted because not 
1I21CBI 
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only did not give the expected h'-gt co-efficient for tlie§ obtaining ratio 
there, but also the negative pressures developed were high. Though high 
coefficient and negative pr"ssares went together, and attempt to coirelate them 
from the readings recorded in the Kliadakvasla report and from readings taken 
at Krishnarajasagar was not s'.c’^eFsr'ul. The reason might be that the 
maximurD negative pressure recorded were not really the maximum ones but 
only approximately so. 

It was necessary to design r new profile. . The Creager’s profile was not 
recommended because it was desirable to attiiin a hi;, her co-efficient , allowing 
a reasonable maximum negative pressure if jiocessary. 


An entirely new approach was made towards the problem. IVhile it had 
beCE usuarto determine the co-efficients on different curves of different 
parameters chosen at random that did not help much in the application of the 
result for a new set of conditions. A general approach was made at 
Krishnarajasagar. First of all the drculai% the elliptical and parabolic 
c^irves of the same parameter were compared. The parabola having given 
the best result parabolas of different parameters were compared. All other 
factoi's remaining constant, the behaviour of the co-efficient of discharge with 
respect to the rear slope was studied. Proceeding on ihese lines, a design was 
recommended for the Tunga Anicut. 

The secret of the high coefficient weir lay in the development of negative 
pressures at the crest /.e., in makiag the filaments of water take sharp 
curvatures at the crest. How far below the rest the surface tension should be 
developed between the water filament and the masonry profile was a very 
interestmg point for study. In the experiments, allowance was made for the 
velocity of approach. 

Me, S. K. GxnpTA said that it was high time to decide whether the volute 
siphons could be used for high heads. In the EGrobhaskar the head was 60 feet 
and the siphon did not work during the last monsoon. Marconahalli siphon 
had been reported to lun full bore, but the prototype co-efficient of discharge 
was never determined. Mr, Gupta was of the opinion that these volute siphons 
could not operate for very high heads ; the maximum limit might be as high 
as 60 feet in consistent with both economy and efficiency. The theory put 
forward by Mr. Govimla Rao that once the funnel and the barrel was filled 
with water, the working of the siphon was automatic, does not appear sound 
at thiii stage. 

Rao Bahadue D, V. Joglekab referred to item (18) and said that the 
results obtained were very interesting. The low co-efficient obtained in the 
hig^L head siphon at Shimsha was apparently due to insuction of air on account 
of the low capacity of the inlet chamber. To get reliable results it was 
necessary to have a chamber having at least 10 to 16 minutes’ supply. Sucdi^ 
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experiments were really very costly. It was, however, now proposcil to 
construct two exparimental models in the HrakudD^ira where the ili-fjijirjrinsj 
capacity, pressure, cavitation and its effect on other factors t 'c., wt-uM '.v verv 
carefully observed. 

Mr. V. N. Nagabaja s-sid that for any expennient to be it w. s 

absolutely necessary that the experimental siphon should be more than To feet 
high so that the effective operating head should come to more ;]0 

Mb. N. S. GtovnroA Rao said that regarding Mr. Gupta’s point every- 
thing had to be experimented upon at least once. A start was made by 
constructing a siphon of two feet diameter, which figure had now been increased 
conadOTably. Research was still being carried out on that point and the 
results were not yet final. A whole book had been written on the subject. 
One of the experiments cost 15,000 rupees. These experiments were no doubt 
very costly. The point was to convince everybody. Them<»in consider ,tion 
>.v>'s more about tbe prim'ng depth than about the co-efficient of discharge. 

The Secbetaby asked Mr. Qovinda Rao to intimate the .difficulties met 
with in the Hirebhasgai siphon last year. 

Mr. Govixda Rao replied that at Marconahalli a sli-hon of eight feet 
d’a>i.eter operating under a head of 40 feet pr'me 1 at only eigl t inches. He 
enquire I of Mr. S. N. Gupta whether he had any d-ita on v hich he ba.'jed 
his opinion. 

Some experiments were conducted with models of siphons proposed at 
Hirebh'i.sgar. It was concluded ficom the mo lei experiments thet tlie priming 
depth would be twelve inches. The troub'ewa; that in the model, rny 
small error made did not seriously vitiate letulls. The vo ntes In the prototype 
right up to the throat of tbe funnel were one foot thick. When water 
began to flow between the voluies theie ua^ a gap corresponding to the 
thickne&s of the vo'ntes between tbe flow on eithe. side of it. tbrou ph which 
air insh in and break the formation of a water eal. The .-iphon did not prime 
wi il ths wes corrected. 

Rao Baeadttr D. V. Joglekab said that the Central 'Waterways. 
Irrigation and Navigation Research Station had abeady recommended tiut 
the section of the outlet should be contracted from 18 feet to IG tVr t. so as te 
dissipate the head in excess of the effective atmo-spheric pressure. It was 
learnt that when attempts on similar lines were made at Hiiebha gi r. then only 
these siphons were able to function. 

The Chaikmak (Rai Bahadtjb S. D. Khangae) asked how the silt was 
exetuded throng ^e^phons. Doessflt not get collected at the bottom of the 
reservoir ? 
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Mr. N. S. Govtsda Kao replied that siphon was an excellent instrument 
for sucking out silt. For removing silt there was nothing like a siphon. 

The Secretary explained some of the energy dissipating devices adopted 
in France and mentioned particularly the design adopted at ohe L. Aigle Dam. 

Mr.N,S. Govinda Kao referred to item (5) and said that the ingeneous 
device of a^^’ding a disperser appendage seemed to have given hopeful results 
for dissipating energy. Instead of a straight divergence for the disperser 
a hyperbolic divergence might give a smoother how and therefore a greater 
co-efficient of dishcharge. 

Since the flow came out with a twist it was quite probable the flow 
between the two halves of the disperser, might not be evenly distributed 
in the prototype. This rotary motion of the flow might set up turbulence at 
the mouth of the outlet lockmg up arc. This effect which was insignificant in a 
model becomes quite pronounced in the prototype, e-jr., a ledge was given in a 
siphon at Hircbhasgar last year which restdted in a quantity of air getting 
locked up in the siphon, although this was not noticed in the model. The 
observation regarding the effects of this on the priming depth would be useful 
data. 

Experiments had been conducted with a considerable depth of water 
cushion on the downstream side. In a heavy water cushion it was quite possible 
that positive vortices were set up which tended to pile up detritus at the toe 
of the body wall. So it was very important that experiments were conducted 
for low downstream water levels and a study made whether there would be 
retrogression of levels by scour, and if so whether the retrogression would 
extend to the toe of the body wall. 

The addition of a ledge to a diq)erser might make the whole appurtenance 
very costly. All things considered, probably it would be cheaper to keep the 
outlet of the siphon almost at the bed level of the river so that it got submerged 
under ihe tail water after its priming. The reduction in the priming depth and 
the savings effected in protective work would more than offeet the disadvant- 
age due to reduction in the co-efficicnt of discharge. 

Begarding item (15) Mr. Govinda Kao said that an attempt had been 
made in his paper to derive a dimensicnl ess equation for Tna-Yi-rnmn length of 
trajectoiy of flow. In the prototype Fronde’s number was the dominant factor. 
Ab the discharge in a siphon had a considerable quantity of air in it, Reynold’s 
n^ber ^as net without significance. If it exceeded a million, as it did in 
siphons wcuking under high operative heads, the turbulance was so great that 
water be^nto give up the air in it during its descent in the vertical barrel and 
these might cause formation of air pockets. This limitation of Reynold’s 
number not exceedii^ a million should not be lost eight of in designing the 
pzoto^pe. 



SFOiLWATO 


915 


In model ea^wriments, care is always taken to have the size of the m'del 
big enough to give a Reynold’s number in excess of 2/.'C>0. It is. however, seen 
that in very small models Weber’s number is also significant. A m* re sharpening 
of the edge at the throat of the funnel reduc-id the priiriing uenth. If the edge 
at the funnel edge was not sharp, water hugg d the surface of the lunLci and 
barrel all round witnout meeting to form a water seal. 

As regards item (1) Me. Govxsda Rao said that the t.xpek-imeuts con lm t^u 
the same area of outlet was used for experimenting on two, thK-.* '.i ill the 
siphons. When less than four siphons were operated tlie conditions pre-mi ing 
were those of diverging outlets and consequently a higher co-efilcient • >l dis dii-rge 
was realised in the model. It might be recalled that in the protot^iw f'-e dfi- 
ciency of aphon with expanding outlet was much less than in the prototj pe 

It had been deduced vide H.R.S.K. report 1947, pag 31, that the «p ra Ukg 
head should be more than about 3-1 times the barrel diam< t .r for goc 1 prim ng. 
The present design, where the operatii^ head was 20 feet and the banel & m ter 
12 feet, falls too short of the required proportions to effect a perft ct wati r .'al. 

In a design of this type where several siphons discharge int<i the si-me 
tunnel, the co-efficient of discharge in the model was lower and priming higher 
than’the usual type. Pressure observation would be ver}- useful. 

A single elliptical siphon did not prime under normal conditions, f w the 
primingdependedonthe vortex flow inside the funnel and barrel and its cajw- 
city to evacuate air from the dome. A vortex being always circular, an elliptical 
barrel was definitely an impediment and also the shape was not conducive to 
the formatiou of a perfect boil, for the trajectories of water from the bottom of 
the funnel had to travel different horizontal and vertical distances before they 
met. 


As to item (2), Mr. (Jovinda Rao said that the introduction of the lip to 
improve priming qualities was dangerous because it reduced the efficiency ot the 
siphon, which was not very well indicated in the model. A better remedy 
would he to have a bi^er primii^ siphon. As a rule, in saddle siphons of uni- 
form cross-sectional area and of heads about 20 feet, a smooth curve was 
necessary at the crest. Otherwise, the. crest became the bottleneck, in this case 
the cross-section at the lip Ihnited the discharge because of the sharp radius. 

Referring to item (3) Mb. Govinda Rao went on to say that the data 
collected were no doubt very useful. The adoption of the optimum dimensions 
given for the hood diameter lessened the discharge per unit width of ^illway. 
Theoptimumresoltof S-Sarrived at might not hold good for all operating 
heads. 

The graph No. 16 had been prepared for a particular operating head and 
the same optimum ratio of Hood diamater/Bairel diameter had been used for 
other opeiatingheadsto study the bdutvioiur of the priming depth with yaiying 
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opeiatinsi heads. It was ■worth-while stadying 'whether the same op'tim.tim^ 
limit of Hood diameter/Barrel diamcter=3-33 gave optimum prinring depth 
and CO eMcient discharge for other heads also. 

For the optimum spacing of domes, velocity potential lines had to hs dva'wn 
and the variation of strength up to the neutral points found out. Me. Govejda 
Rao felt that in'thedeaguofsiphonsgmdance had to be sought from experi- 
ments done in aerod 3 Tiamics on the subject of flow from sources iiito sinks and 
the laws governing the formation of vortices efc . 

Mb. S. H. Gupta replying said that Mr. Go'vinda Rao seemed to have 
misundeistuod the divergence portion of the mphon. Drawing No. 15 of the 
United Provinces report showed 'that area of the outlet was exactly equal to 
the siphon, area when one, two or three fflphons were added to the bart'Jiry. 
The properties of the diverging outlet did not come in the picture at all in this 
case. As to the working of the battery, Messrs Ehosla, Gnlhati and Bose 
had seen these experiments and Mr. Gupta ■thought that they were all satisfied. 
They ■^cere thoroughly convinced that lip was an essential part of the siphon 
for ensuring early priming and better performance on the whole. After all 
there was a limit to the size of the priming siphon. 

Db. J. K. Malhotba said that he was grateful to Mr. Govinda Rao for 
pointing out that the flow influence could also be taken into consideration. 

Mr. N. S. Govinda Rao said that Dr. Malhotra’s equations were limited 
by the value of tbe Reynold’s number. 

It was decided to keep the subject on the Agenda. 

DISCUSSION BY THE BOARD 

The Seceetabt said that 20 items were discussed at the Research Com- 
mittee Meeting. There was no resolution on the subject. 

Rai Baeadub C. L. Banda pointed out that drum gates which were re- 
quired at ^Always could be manufactured in India. At the Central work- 
shops, Amritsar the detailed designs that were obtained &om tbe Internation- 
al Engineeruig Company bad been examined in detail and the opinion was 
that they could be manu&etured in India. This step would save a lot of trouble 
and would conserve our resources as far as possible. Questioned as to what 
length of the spillway the drum gates could be made Rai Bahadub C. L. Handa 
said that for about 100 feet long it may be possible — same as for Grand Coulee 
Dam. 

Db. H. L. Ueead mentioned something about the design of the buckets. 
They had used a radius of 50 feet. Experiments were catrieid out at Madhopur 
Station both on sloping and horizontal aprons. It was found that the hori- 
zontal apron downstream of length 10 to 12 feet in length was good enough. 
In the design of falls also horizontal aprons of l6ngth=4 times depth of water 
downstream worked well The experiences of the Bureau of Reclamation also 
showed that horizontal aprons ate preferable. Even in the case of shooting 
bucket they were satisfactory. 



7C. Hydraulic Structure on Permeable 
Foundations 

FBEUaiNAfiy WTE 

This subject was on the ageuda of the Research Committee from 1930 
till the time of the issue of Board Publication Xo. 12, ‘Design of v*eia ca 
permeable foundations ’ in 1936. 


The design of pavements of regulators on clay un i siiud clay foun'ialioas, 
was also on the agenda of the Research Committee. This subject was reu.ovcd 
from the agenda in 1941 with the following resolution passed by the Board. 

(a) “ Resolved that this subject be taken off the ugen.ia, but in order 
to complete the information published by the Board, the two notes 
by Rai Bahadur Ehosla be published as a supplement to Board 
Publication No. 12 (with any modifications which the author may 
consider necessary). 

(b) “ The Board is of the opinion that basic research on flow under dams 
where the sub-soil is not homogeneous, is not likely to be useful 
in view ofthe diversity of formation which may possibly occur and 
the difficulty of reproducing those conditions in models. 

tk 

(c) ‘ In cases where effectively impervious strata of soil occur, ai he 
experiments mi^t be carried out to determine the elTeot n 
sub -soil flow in each particular case. 

(d) “ In view of this, the subject ‘ The design of pavements of regulator 
on clay and sand clay foundations ’ should be removed from the 
agenda. ” 

No action was taken on part (a) of this resolution. C. B. I. Publication 
No. 12, is now to be revised and it has been decided that the developments that 
have been achieved since its publication should be included in the revised 
edition. The Board decided in 1946 to re-introduce the subject on the agenda 
of the Research Committee from 1947. The following items were discussed 
at the 1947 Research Committee Meeting : 

(1) Pressures' on Lloyd Barrage floor 

(2) The Poondi regulators. 

Beemt IMmiwe. 

(1) Bezdick, Vilibald., Ihgemeur, Docteur, OounseiDer de section au 
IGniatete tecjhniqae, Pragiie.-<Les Sous-Pzesmons Dans un Baoiage en tecre 

»17 
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Barrage de Frystak (Uplift on an earth dam. Large dam at Erystak). — 
International Commission on Large Dams, Third Congress Stockholm, 1948, 
B 5. 


(2) Kratochvili, Stanislav, Ingenienr, doctenr, professeur. Haute Boole 
Technique Bratislava. — Sons j?ression sur les fondations du Barrage de 
Eninick}’' (Uplift acting on the base of the dam at Kninicky). — ^International 
Commission on Large Dams, Third Congress, Stockholm, 1948, R 6. 

(3) Myslivec, Alois, Docteur, Professeur a 1’ Institut d ^ Hydraulique 
Prague-Pcdbaba Tchecosl. — ^Infiltrations a travers les digues on terre employees 
pour les barrages reserX'oirs et terres propres a leur etanchement (Seepage 
through earth-dams of water reservoirs and soils suitable for the waterlight 
layer).— International Commission on Large Dams, Third Congress, 1948, 

Rr. 


(4) Speedie, Milton G,, M.C.E., A.M.I.E. Aust., Assoc. M. Am. Soc. C.E. — 
Experience gained in the measurement of pore pressures in a dam and its 
foundation.— International Commission on Large Dams, Third Congress, 
Stockholm, 1948, R12. 

(5; Leliavsky Bey, Serge, Ph.D., M.Inst. O.E., M.A.S.C.E., Director, 
Deigning Service, Reservoirs and Nile Barrages, Ministry of Public Works, 
Cairo.— Pore versus crack as basis of uplift concept. — ^International 
Commission on Large Dams, Third Congress, Stockholm, 1948, R 13. 

(6) Lapozte G., Ancien eleve de T Ecole Polytechnique Ingenieur- 
Conseil. — Controle de 1’ etancheite des fondotions d’ un b'^rrage (Control of 
the impexviousnens of the foundation of a dam). — International Commission 
on Large Dams, Third Congress, Stockholm, 1948, R 29. 

(7) 3Ic-Henry Douglas, Head, Structural Research Section, Bureau of 
Reclamation, Denver, Colorado, U,S.A. — ^The effect of uplift pressure on the 
shearing strength of concrete. — ^International Commission on Large Dams, 
Third Congrefe, Stockholm, 1948, R 48. 

Jakobsen, B.P,, Special Assistant on Design and ConstructionTo 
Di^ion Engm^r, South Pacific Division, Corps of Engineers, U.S. Army. — 
v^tu^l exposition of the measurements of nplift pressures and stresses arising 
^erefrom. ^International Commission on Large Dams,' Third Congress, 
Stockholm, 1948, E62. o , 


(9) Harz^L.P. Uplift Area in dams. — International Commission on 
Large Dams, Third Congress, Stockholm, 1948, R 53. 

Oonsulting Civil Engineer, Vsfctenbyggnadsbyian 

Oommission on Lage Dams, Third Congress, 
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(11) HiU, H. l^escotfc, M. Inst. C.E., Great Britaiit.— ]grosion -within or 
beneath water-retaining stmctuxes.— International Commission on Tatran 
Dams, Third Congress, Stockholm, 1948, El. ® 


(12) Zik; Biy, Hassan, Ph.D., M.Inst. GJl., General Inspector of 
Irrigation, Upper Egypt and Leliavsky Bey, Serge, PhJD., M.Inst. C JJ. 
MA.S.C.E. Director, Designing Service, Eeservoirs and Nile Barrages.— Tail- 
erosion as a factor’affeotang the safety coeffident against piping.— International 
Commission^on Large Dams, Third Congress, Stockholm, 1948, E 4. 

(13) Pospisn, Joseph, Ingenienr, Conseiller superiem de section an 
Mkiistere technique Prague.— Dispositions les plus recentes pour empecher la 
formation des renards (Newest metiiods for the prevention of defects caused 
by the penetration of water under the foundations of a ilam ) — TT>tprTin. ». if>na.l 
Commission on Large Dams, Third Congress, Stockholm, 1948, E 9. 


(14) Bazant, Zdenek, Ingenienr, Doeteur, Professeur a la PTanfa. Bcole 
Technique, Prague, Tchecosl.— Critical head for piping beneath weirs.— 
international Commission on Large Dams, Third Congress, Stockholir, 1948, 
RIO. 


(16) Werner, P. Wilh, and Ljung, Bgil, Vattenbyggnadsbyran (VBB) 
Consulting Engineers, Stockholm. — Method of preventing piping at Trayd 
Power Plant. — ^International Commission on Large Dams, Third Congress, 
Stockholm, 1948, E 18. 


(16) Mayer A., Inspeeteui General des Mines. — -Dispositions les plus 
recentes pcur empecher la formation des renards (The most recent precaution 
to avoid -the formation of pipings). — International Commission on Large Dams, 
Third Congress, Stockholm, 1948, E 22. 

(17) Delattre, Ingenienr enChefdesPonts et Chaussees, Directeur Technique 
de la Oompagnie Nationale du Ehone,— Dispotitions ponx empecher la 
formation de renards (Prevention of pipings). — ^International Oomnussion on 
Laige Dams, Third Congress, Stockholm, 1948, E 23. 

(18) Coyne A., Fondation d’ un barrage sur 1 ’ alluvion le barrage du 
Lantffliti (Alluvial foundation of Laurenti dam). — ^International Commission on 
Large Da-ms, Third Congress, StooHiolm, 1948, E 35. 

(19) Isehy, B., Ingenieur E.P.Z. Directeur general de T Entrepriae de 
Fondations et Travaux Sydrauliques France.— Barrr^ede Oastillon Lutte 
Centre les erotions souterraines (Castillon Dam— fitting underground 
eiotions). — International Commission on Large Dams, Third Congr^s, Stock- 
holm, 1948, E 36. 

(20) Ischy, E., Ingenieni B.PJZ. Directeur genual de T Bntreprise de 
Fondations et Travaux Hydtauiiques, France.- Digue du lace Noir Lutte 
contre les erotions soutranaines (Lac Noir Dam).~~'Iutematioaal Commis- 
sion on Laige Dams, Third Congress, Stockholm, 1948, B 37. 
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(21) Eice,O.L., Engiueer, TJnited States Bureau of Eeclamation, Denver, 
Colorado and A’thur, H.G. Engineer, United States Bureau of Reclamation, 
Denver, Colorado.— The most recent methods developed to avoid piping or 
blorr-t uts in Darns. — International Commission on Large Dams, Third Congress, 
Stockholm, 1948, R 49. 

(22 ) Lefrin, Joseph D., Civil Ei^ineer, Headquarters Department Board of 
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THE YEAR’S WORK 


The following items were discussed at (he 1948 Meeting of the Research 
Committee : — 

(1) Model Investigations for the proposed Mor Barrage — Sectional 
Model. 

(2) lines of £ov under causeways on sand foundations. 
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(1) UODUL INVESTEGATIOKS FOB TEE FBOPOSED MOB BABBAGE - 

SECTIONAL MODEL (^} 

ABSTBACT 

Tbe design (d the Mot Barrage, was tested in section^ modeb ior— 

(1) its stability against nplift pressure, 

(2) determination of necessary protection like friction bolsks to be 
constracted on the dowiutream floor. 

f he effect of these friction bolcts will be to rednce the down';'r8sin scoor within 
safe limits and to increase tho water-cushion on the downstrasrn floor. Sectionsof 
both the undersluice section and the wsir poriion were to bo tested in models. 
Oires results of experiments. 

THE HODEaii (WEIB SECTION) » 

The design of the weir portion is shown in Figure 7 C.l. 



Figure 7 C.l : Showing weir s&Aion of Mor Barrage. 


The model was built on the scale -j|(g6ome1rical). It was provide<l with 
a gate working on its crest, the top level of the gate when fully lowered on the 
crest being 207*5 (B.L.). The pond level to be maintained with this gate is 
207 • 0 (B.L.). The following points'were investigated in this model : — 

(1) Testing the proposed design for uplift pressure and surface flow. 

(2) Determining the shape and design of friction blocks on the down- 
stream floor for reduction of scour downstream to a safe limit. 

DATA 

The barrage was designed for an affiuz at three feet at high flood level 
which was given to be 209 feet (B.L.) (downstream of the barrage) for a 
discharge of 228.000 cusecs in the river. (*) 


(*) Binr Be8eai«k Institate, West Beogai, AnnniU Bapart, 1917, pigaa Sis'— CC. 
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Water level at tie proposed barrage site at Tilpara giat was never observ- 
ed except during the flood season of 1940. Xo relia ble data were, therefore, 
available giving the water levels at the barrage site, for different discharges. 
Approximate figures were taken as given in Table 7 C.l. 

TABLE 7 C.1 


River discharijt* (cusecs) 

; 

Exjvtcted war^r (R,L.) downstroam 
of Barrage 

Cc^rresponding dis- 
charge per foot 
run over the weir 
section in cusecs 
per foot run 

Before retrogresbion 

m 

iifter retrogression 
of 4 feet 

123,000 .. 

205 0 .. 

201-0 

100 

228,000 .. 

! 

1 

209-0 .. 

2or)-o 

i 

200 

1 

aoo.wio .. .. { 

i 

212«0 .. : 

1 

1 

1 

2o8-0 

! 

300 


EXPERIMENTS 

The experiments were conducted on the following lines : — 

Upstream water levels were determined for different discharges pass- 
ing over the weir under free-fall conditions. The discharge co-efiBoient of the 
weir section was calculated from these experiments. 

(2) A discharge equivalent to 300 cusecs per foot run was run over the 

modelwith the gate fully raised and water profile over the structure wasmeasur- 

M i^ntammg different downstr^ water levels ranging from 208 • 0 to 198 • 0 

f Iv ’ to™® in each of these cases and the shape 

01 the scour downstream of the puoca floor was measured. 


(3) Similar experiments to those in (2) above were carried out with dis- 
charge equivalent to 200 cusecs per foot run, the downstream water level being 
^tained at 202-0, 200-0 and 198-0. Water pw^e only was taken also for 
downstream water levels at ^-0 feet and 204-0 feet. 

(4) Sinular experiments to those in (2) above were carried out with dis- 
tth*^ eqmvalait to 100 cusecs pet foot tun, the upstream water level l^Aing 
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maintamed at 207 ■0(E.L.) by application of the gate fox different downstream 
water levels ranging from 203-0 to 193-0 (R.L.). Scour was not measured in 
these cases. 

(6) The set of espeiiments mentioned in (2), (3) and ^4) above were run 
on the model as designed and with different sets of friction blocks hxed on th 
downstream floor. Two rows of staggere ! blocks (rectangular shape) wer 
fixed at the toe of the glacis and two rows at the end of the pucca downstream 
floor. Three different heights of these blocks (3 feet, 3-5 feet and 4 feet) were 
tried. The arrangement of blocks on the downstream floor is shown in Figure 
7C.2. 



Figure 7 C.2 : — Showing fridion blocls in position. 

AHALYSffi OF EXPKRQimAL RESULTS 

(1) Discharge co-effident.—'Wh.en this section is used as a weir without 
gates, the discharge co-efficient (under flree-fall condition) for different dis- 
charges as obtained from the model (scale j^) is shown in Table 7 G.2. 

(2) Effect of friction Kochs on scow . — ^The following three qrstems of 
friction blocks (staggered) were tried : — 

(a) Two rows at the toe of the ^acis and two rows at the end of the 
j)ucea floor, size of each block b^g 4 feet (length) x3 feet 
(breadth) x3 feet (he^t). 
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Figure 7 0.3 (0(»): Weir section of the Mor Barrage sjmcing (he water 
‘profiles olserved Or. the model with and without hloch. 

Scour could not be appreciably reduced by increasing the height of the 
blocks from 3-6 to 4 feet. The expected downstream water level for this 
river after a^retrogression of 4 feet is 202 • 0 feet (R.L.) for the normal maximum 
discharge (150,000 cusecs). The correspouding depth of water above the down- 
stream floor is (202 — 184), that is, 18 feet ; the height of the blocks ordinarily 
should not be'moie than 3 ‘5 feet unless appreciable reduction of scour is effect- 
ed thereby. 

(3) Effect of friction bloch m the traler cushion maintained to counterad 
the uplift pressure.— The water profiles observed on the model without blocks 
and with block system (B) for a discharge of 300 cusecs per foot run, and diff- 
erent downstream water levels have been plotted in Figure 7 C.3 (i), («], 
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These show how a greater depth of water is obtained by th<? block .'■jvtf m (B) to 
counteract the uplift pressure. Tlii.« tlfcct is very helpfvJ v/Len the down- 
stream water level is low, that is, when a freshet comes sudden’y at the 
beginning or end of the flood season whe:'. the river is practically 'Iry. 

EFFECT OF STANDIHG WAVE OH THE STABILITY OF THE DOWKSTHEAM FI OOR 
AGAINST UPLIFT PRESSURE 


(1) Undersluice Section — ^The designed undersluice seethin vl*. li .<ihcet 
piles is shown in Figure 7 0.4. The. floor will be built in reinfoi i * d <..j5:crete. 
The values of uplift pre.ssure below the floor were worked out and ar. given 
below : — 



Figure 7 0.4: Showing urderslukesedion of Mor Barrage. 


Uplift press-ure 

at C 

71*2 per cent, of the total 

Ditto. 

Bi 

49*6 

Ditto. 

Ditto. 

Ditto. 

Cr= 

,42-4 

Ditto. 

Ditt>. 

Ditto. 


=25 0 

Ditto. 

Ditto. 


The exit gradient works out to be GEs=-^ under the maximum head of 
25 feet (=207'0 feet — 182*0 feet) of water. 

In Figure 7 ■C.5 (t) to (rni), the water profiles observed in the model for 
different discharges and different downstream w-ater levels have been drawn. 
The corresponding hydraulic gradient lines have also been drawn, .knother 
line PQQ'R has been drawn at a depth below* the diydraulic gradient line 
equivalent to the depth of water that may be counter-balanced by the weight 
of submerged floor (specific gravity of submerged floor was taken as 1*4). 
If, thereforei the observed water profile falls below this line PQ'QR At any 
point, the uplift pressure at that point will remain unbalanced. Figures 7-0.5 
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discbaige of 300 cosecB per foot nm, both in the case of the Tuidersluice and the 
weir section. If the above assumption is correct then a few points in »he design 
of the barrage deserve consideialaon. The depth of the sheet pile at tl» 
. downstream end of both the tmders’nice and weir sections (see Figure 7 C. 4 and 
7 C.l) has been designed to be 16 feet below the downstream floor level. Oon- 
sidering the results of the above experiment, the depth should have been at- 
least 26 feet so as to cover the maximum d^th of scour expected. The eii». 
tence and extent of the unbalanced pressure on the downstream glacis dis- 
cussed in paragraph 5 above also deserves attention. 

TABLE 7 C.2 

Mor Barrage— Weir Section— Modd Secie ft {Rh.). 

Upstream floor at 188-0 fett {R.L.) ; Crest at 198-7 feet (RX.) ; Damn- 
stream floor at 184-0 feel 

Upstream gUteis 1:4; Creti undlh=»6 feet ; Doumstream glacis 1 : 4. 


Duchai^ per 
foot run^-g 
cQsee* 

25 

50 

75 

100 i 

125 

150 

176 

( 

200 1 225 

260 276 

300 

Valae of Jt in 
qe^Kh 1 where 1 

H U the total ! 
energy head ^ 2*96 

j 

! 3*14 

1 3*22 

$•30 

3*26 

3-ao 

1 

3*30 

3*31 ; 3*32 

( 

, 3>39 1 3.39 

3.30 


(2) IBEXJKESOFFLOWIJHDERCAIISBWAYSONSANDFOTJNBATIONS (*) 

The aim of the investigation was to determine the lines of sub-soil flow of 
water under masonry structures founded on permeable foundations like sand by 
utilizing the analogy between electric flow and hydraulic flow. 

For the purpose of this experiment a section of the causeway on the Hyder- 
abad— Wanangal road was chosen. It was built on sand foundation with 
the end walls taken to a depth of 4 feet on the upstream side and 6 feet on the 
downstream side. In ntiliring this method the similarity of the law for the 
dow of water in a porons medium under a hydraulic head (Darcy’s Law) and 
the law for the fl.ow of the electric current in a conducting medium under differ- 
ence of potential (Ohm’s Law) is made use of. The equipotential lines iu a 
conducting liquid wnoss a potential drop with a model of the causeway (or weir) 
are determined. These lines represent equipressure lines in the sub-soil and 
the stream lines are pecpendieidar to this. The wooden tank in whicdi the 

(*) B^4wa|)ajdEiigfn0aib|gB«aMnh]j»tot«to|]M,AiunulBepQiti,iM7,pagB79. 

atOBI 
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experiment was conducted is 4 feet X 4 feet x 4 inches. It has a glass bottom. 
A scale model of the causeway made of ebonite was set up in the tank. On 
both sides of it were conductors of thick coppar. The conducting medium in 
the tank was a dilute solution of Ammonium Chloride. The copper plates were 
connected across potenluometer. The source of alternating current used was 
a 6E beat frequency oscillator. 

Various potential drops were tapped horn the potentiometer and the null 
points were found in the tank with the help of a Jackey moving over the tanb 
Tb-ese points for equal drops of potential were plotted on a graph sheet and 
equipotential lines were drawn. Stream lines of flow were drawn by drawing 
squms on the equipotential lines. 



Kgure 7 C.6 
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Figure 7 C.7 

Figure 7 C.6 gives the arrangement of the apparatus and Figure 7 C.7 gives 
he lines of flow as determined by this method. This is comparable with the 
lines of flow obtained by injecting colour into a model of the causewa y with sand 
foundations, 


DISCUSSION B7 THE BESEABCH COBOUTTEE 

Db. N. K. Bose mtroduced item (1). 

As Mr. Hardiker was not present item (2) was taken as incroduced. 

Bao Bahadub D. T. Joglekab commenling on item (1 ) said that l^e table 
in para 2 showed water levels downstream of the Barrage (a) before 
retrogression, (h) after retrogresdon of 4 feet. Bao Bahadur enquired if no 
accretion was anticipated. 

Betrpgression for all the discharges in the river ranging from 125,000 
cnsecs to 300,000 cusecs was assumed to be 4 feet which was incorrect. The 
reteogression for the maximum discharge would certainly be less than that for 
lower discharges. 

Contmuing Bao Bahadob Joolbeab asked why no allowance was made for 
conoentration of discharge intennty. I^e model should have been run after 
iwalring an allowance for concentration till the soour stabilized. 

'When Bli. 208 was the letrogisded water level for ga&SOO cnseei 
whjy was soour observed for water levels lower than B. L. 208 *0 t 
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He also eaqaired if the barrage was not likely to be senu-rnddular after 
aceretian downstream of the batrage. The coefQcient of discharge should have 
been worked out for these conditions also. Why was discharge co-efficient 
worked out under free flow conditions? 


How was velocity of approach allowed for ? i.e., how was the value of^ 
found in the formula 

Was the poeition of the upstream gauge relatively similar in the various 
models or was it kept at a constant d^tance from the weir irrespective of the 
model scale t 


The co*3fficieQt3 of disohsi^ in 1/16 scale model are ineonsistant with thos« 
in other scale models. 


Were the co-efficients observed for various values of downstream and 
upstream water levels with anticipated retatogression and accretion ? 


As regards scour below weir, the factor 



is stated to be not a suitable 


parameter for calculating the depth of scour. Bao Bahadur Joolbkar 
considered that F*/d (representing turbulence for producing scour) 
was a better pai^eter as expired in Annual Beport, 1946 of the O^tral 
Waterways, Irrigation and Navigation Besearch Station. 


Mb. N. S. Govihda Bao drew attention of the Committee to Figure C-27 
on page 21 of the Ben^l report and explained the formula for obtaining the 
hydraulic gradient. In calculating uplift pressure, it mi^t be noted that the 
velocity of the water flowing along the glacis had a vertical component, which 
also helped in county balaivsing the uplift pressure. 

Mb. T. P, KxrniAMMO refei^ to item (] ) and said that for certain ccmdi* 
tisns of flow there was no standing wave formed over the pueca apron and con- 
sequently deep scour holes were formed. This was due to inadequate tail water 
depth downstream. He asked Dr. Bose to please state if there was anv objection 
to sinMi^ the floor and ensurii^ a standing wave for ail flow conditions. 


%t r^arding the position of the downstream blocks. 

Mr. ^mnda Baohad pointed out that if they were situated a few feet upstream 
tlieefficiencywiaamaximum. Inl938Dr.BhandaTiandDr. Uppalhadputun 
a pap«OT tiie moat suitable position of the blocks, and found that theup^ream 
TOW m the should be at the toe of the glacis and tiie downstream row o£ 

the blocks at the end of the honVontf al floor. 

Bahadur Vbkkatachabi) said that he felt that 
win natunffiy be piling up against the blocks. Ths chairman 

^D^hetheranynpwaridop«haabeentried<many nv.^ tcpqjtit 
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Db. H. L. XJfpai. said that at the iastanice of Mr. m what was 

called ‘ dishing ’ was experimented upon, hut that made the case worse. The 
slope was about 1 in 10 - very gentle. 

Ths Chaibsiak (Rao Bahaoub Vekkatachabta) asked if that dishing 
was below the downstream bed level of the canal. 

Dr. H.I(. Uppai. sa-d that it was not below bed level. 

The Chairman 'Kao Bahadur Vexeatacuarta) smd chat in the case 
of concentration, all discharges from 300 down to about 100 should be worked 
out. In gen?ral value of 3(M> could not be expected without concentration. 
The usual flood discharge was normally about 200. A flgnie of .300 meant 
near'y 50 per cent, cn-’cntrstinn. 

Da. N. K. Bosk said that that wa.s why investigations were carried out on 
the lower dor>nstream levels. When the river was flowing unifonnlv it was at 
R. L. 20S. 

in reply to Mr. M. P. Mathrani Dr. Bo3e said that the minimum downstream 
water level was at R. L. 192. The downstream level was taken at about 
192, bscause it wa< anticipated that The river might rise very suddenly and the 
extreme level m\v go up to 207. 

Rao Bahadur D. Y. Joolekar a.sked Dr. Bose what would happen if 
accretimi ocenned. 

Dr. N. K. Bose replied that a retrogression of four feet was tried cm the 
model The effect of accretion was not tried. The normal discharge of the 
river was likely to be of the order of 200 cusecs per foot run. A concentration 
of 50 percent, or 300 cuseca p^r foot ran was tried on the modfl. The level on the 
downstteamsidelowerthm20S‘0 was tried to see its effect, on the standing 
wave. Though the normil water level was 208'0, very often the flood came in 
the river ;wben the down itreim bed was almost dry and the upstream water 
level wiB over 206 *75. The worst rituation was likely to arise at that time. 

Da. Bose further said that for these experiments the podtion of the 
upstream gauge was shifted depending on the scale oS the model. As a 
matter of fact, the water surface was observed by a pmnter scale and the 
position of the upstream water levels wae obtained the profile. 

Rao Bahadur Joglekab said that according to his suggestion the gauge 
should be 15 feet in this particular model. In the smaller scale it should be 10 
feet. 


Dr. Bose said that what Rao Bahadur Joglekar said could apply when 
the gauge was steady. In this case the gauge was not steady. 

tt WES decided to keQ the subject on the sgendE. 
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j](ffiOUSSK)N BY IBE BOBBD 

The Seceetaey said that two items were discussed at the Research C!om* 
mittee Meeting (page 9*2(1 J. There was ao resolution. 

De. H. L. Uppal wished to mention something about the variations he 
had observed his experiments at Malikpur Station from the accepted 

theories. These investigations were by no means complete but they had 
yielded some astonishing results. Probably at the next Research Committee 
Meeting he be able to give some definite conclusions. The main 

reason might be that experiments till now were conducted in 2 dimensional 
flow. When the third dimension is introduced one would naturally expect 
much change in the accepted theories. 

Kai Bahadur C . L. Haw da said that at Malikpur a model of Nangal 
Barrage was being cdfistructed and their m a m difficulty was bf reproducing the 
foundation which were neither permeable nor fully impermeable. These were 
layers of conglomerate with varying thickness interlaced with permeable stuff. 
Research was necessary to find out how the head was depressed under such 
conditions. Some definite indication as to what one should do as to jiermeabjb 
foundations were foimd quite essential and in the model imder construction 
at Malikpur they were trying to simulate such conditions as best as possible. 
The limitations of such a model were obvious. One might hope to get some 
results of fundamental value. Originally they proceeded on the assumption 
that the foundation was permeable enough to reduce the weight by 50%. 
But when the actual excavation was done and when they encountered differ- 
ent layers of varying pemleablity they considered that 60% was too optimis- 
tic and they should not allow more than 26%. This figure they had fixed ten- 
tatively since they could not reproduce all the conditions. But the structure 
had been designed as if it was founded on absolutely a permeable foundation. 
As for uplift no reduction is allowed and full uplift, had been considered. He 
hoped that this model would give some tangible results. 

The Secbetabt suggested that instead of trying to introduce conditions 
on the Nangal Model which were supposed to he equivalent to those on the 
prototype which could not be done satisfactorily would it not be better- if the 
model was constructed for same definite known conditions. Definite resdffia 
would then be obtainSd. Having worked on these lines later it might he-^dss 
Bible to superimpose sSms condirions to represent those at Nangal. ' 

Rai Babadds O.L.£LAin)A agreed with the Secretary. -' He said their 
model at Nangal would be uo more than what Mrl Gulhaiti vishalised. Th^y 
would make systematic variation in the permeable and impermeable factors of 
the foundations and obtain definite results. 

Db. N. K. Bose wd that he was glad that Rai Bahadur 0. IT. Hai]i& 
had now realised that whem &ere was a doubt regarding ^enm^bili^y it was 
better to assume the foundation to be completely porous. Sp^ddng about 
th* St rat ifica t ion of flow he said that oonridetablo work had been done on this 
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subject by foreign research workers and if Rat Babadoi Handa and Dr. Uppal 
wanted to know about it be could supply the references. These experiments 
had been done with a large nunbe.' uf layers on scaled models. The effect 
observed on the flow was that the stream lines were altered. So before ^t 
Punjab started on the work, it would be better if they go through these 
experiments already done. 

Rai BAHADrs C. L. Haota observed that the conditions at Xangal were 
somewhat different. They were able to go as deep as 30 to 40 feet. But 
afterw ards they w’ere meeting with a lens of about 3 feet thick. 

Dr. X. K. Bose said that the question of lens had also been dealt with by 
the same author in the reference he hud mentioned. 

Dr. II. L. Uppal .said that a lot of work had been carried out during pw* 
partition days in the Punjab on the .stratifleation uf shingle and sand. The 
results uoted at actual constructions at two or three places showed very little 
variation from those observed in the model. 



8C. Canal Falls 


PBELEKIKAaT ROTE 

This subject came on tbei^enda in 1931. A Board publication was issued 
is 1935, which is now being levised. The progress made in this respect is rather 
slow for lack of staff in Board’s office. 

At the 1946 Board meeting it was decided to request the Chief Ei^ineers’ 
Punjab to send in their final reports so that the Secretary could proceed with the 
proposed publication. 

The contribution made at the 1946 Eesearch Gonunittee Meeting, it was 
felt, had advanced the research on this subject aud Besearch Officers were 
requested to forward further contributions as early as possible. 

The following items were discussed at the 1947 Besearch Committee 
Itoting : — 

Experiments on one span (part model) uf siphon in connection with 
proposed additions and alterations to the existing Tando Mastikhan 
fall at E.D. 119, IIT of Eohri Canal. 

0 

Canal drop with counteracting jets for the N.T. Canal. 

To find a device for controlling side erosion at foot bridge at mile 
84-232, Maiihan Branch (Mirzapur Cansls). 

Basul hydel scheme falls. 

Fall at E.D. 129, 500, Pakpattan Canal. 

Derign of canal falls. 

Sssant LUmture. 

(1) Blench T., Director; Musht&q Ahmad, Hydraulic Officer and Nazir 
Ahmad, Physicist, Irrigation Besearch Punjab— Scour in Alluvium below falls 
-—Second meeting of the Intemarional Association for Hydraulic Structures 
Besearch, Stockholm, 1948, paper No. 4. 

THE YE&R'S WOBK 

The following items were discussed at the 1948 meeting of the Besearch 
(kwimittee ^ 

(1) Basic study on Sards iype fall. 

(2) Dissipation of energy below fiumed vertical fells and non fumed 
standing wave baffiu fells. 

m Belstioas between the standing wave dementa, 

tt4 
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Figure 8C. I & 8C.2:- Showing relation of leng^ and depth of cistern between a vertical drop fall (Hd) with 

discharge per foot and drop over crest (He) 
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(1) BASIC 8TCDT OH SABDA TXnS FAH^ {>) 

AniBACT 

!Qi 0 Saida type vertical diopiaU has already proYed its woriihaa an eoo&OBii- 
call simple and efficient type of canal faU. While pieaentind tlie details of its 
design (*) it was mmtionk about the general working of Sarda type falb 
that, ‘ ^ places they have developed side erosion downstream due to of 
wave wa^ Bed erosion is negligible ^cept where there has been zetrogressioa 
in the downstream reach of the canal. ’ It was also mentioned in the same paper 
that efforts were beix^ made to get over these shortcomings in the design. Wifii 
that end in view, basic study on this fall was started in 1844 to evdve optimum 
dimensions of a cistern, which was found to be helpfol both g gafawt wave wash and 
small amount cff retrogresrton downstream. 

Tentative foimnlae giving depth end length of eistem, after carrying out 
model investigations on a few drops and discharges per foot of the crest, were 
givm in Technical Hemoxandnm Ho. 15, Page 12 

Length of (Sstem, = 6 x )i 

^^th of c£dem = 17 {E^ x 

Wbno Ef. SB Depth overcrest 

and E^ — Drop in’ihe water smface. 

Since then the basic stndms have continned and data has been collected for 
disebarges varying from 55 cosecs to 8,000 cnsecs and drops varying from 1*5 feet 
to £0 feet. 

An attempt has again been made to deduce empirical fromnlae for the 
optuncm dimensions of cistern for different^diops’ and discharges in the light of 
the mass of espeiinumtal data so far collected. 

In these ez^)eriments, the depth of the cistern was fixed at first and the 
best length was ezpeiimentallj arrived at, giving the wimininm scour, which 
may be seen in column (8) of Table 8 C. 1. Having obtained the best length for 
a certain drop and discharge of the channel, the best depth was similarly de- 
duced experimentally with varying depths. This is given in column (9) of 
Table 8C. 1. Belationsbip between length and depth of dstemin term of 
drop and head over crest worked out as below : — 

=4-697 

Dg = 0-1725 (Hg X E^ 

These formulas with a riight modification along with the expoimental 
data are represented graphically in Figure 8 C. 1 and 8 C. 2. 

(^} Umitrd Provinces Irrigation Research Station, Frtigress on Research during 1047, pages 
73"^ “*79* 

(*) United ProyineeB Public Works Pepartmentp lirigntiou Brancb Teehnltul paper 29b. 7 , 

page 5. 
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The quaht;^ of fit of the above formulae, as statistically tested, was found 
to be excellent, which is a pointer to the hypothesis that the optimum dimen- 
sions of cistern below Sards type of fall are uniquely determined from the drop 
of fall and discarge per foot of the crest. 

As the data collected so far folly represents all the drops and sizes of canals 
met in this province and as the result obtained is highly significant statisti- 
cally, it is now proposed to finalise these experiments. It may, however, be 
mentioned that inspite of the cistern the side erosion due to wave wash is not 
entirely eliminated, though subdued. Provision of longitudinal vanes inside 
the cistern was, therefore, recommended vide Technical Memorandum No. 16, 
Chapter VIII, which made the side erosion downstream almost negligible. 
The optimum spacing of vanes of the same height as the depth of cistern is now 
found to be 


TABLE 8 C. 1 


Statement showing optimum dvmensions of cistern below Sarda tgpefaU experi- 
mentally obtained for various drops and discharges per fool nm. 


Serial 
. No. 

: ! 

! 

Drop of 
fan in 
feet 

! 

I 

Dischaxge 
*of the 
channel 
in cnsecs 

Discha^e 
per foot 
run of 
Orest 

Depth of 
water 
over the 
crest is 
feet {He) 

Bed 

width in 
feet 

Water 
depth in 
feet . 

Optimazs 
length of 
cistern 
is feet 
experi- 
mentally 
determin- 
ed 

Opthnom 
depth of 
oistexnin 
feet 

obtained 
for 
length 
from 
column 
(8) . 

^ i 

2 

--Mi-- 1 

3 

4 

5 

6 

7 

8 

9 

m 

2 

55 

4*23 

1*23 

13 

2*6 

7 

0.17 

|H 

4 

56 . 

4*23 

1-28 

13 

2*6 

10*7 

0.67 


6 

56 

4*23 

1*28 

13 

2*6 

13-3 

0*91 


8 

56 

4:28 > 

1-28 

18 

2*6 

16*7 

0.83 

s 

10 

55 

4*23 

' 1*23 

18 

2*6 

16 

0*88 

6 

< 8 

154 r- 

7*70 

1*84 

20 

4 

10*6 

0*25 

7 

6 

164 

7*70 

1*84 

20 

4 

16 

1*01 

S 

0 

154 

7*70 

1-84 

20 

4 

20 

1.36 

d 

12 

154 

mm 

1*84 

20 

4 

25 

1*26 

10 

15 

154 

7-70 

1*84 

20 

4 

24 

1.25 

U 

4 


18*79 

2*45 

26*6 

5*3 

J4 

0*33 

it 

8 


18-79 

2*45 

26*6 

6*3 

81*3 

1*38 

It 

1 — 

12 


18*79 

2*46 

26*6 

5*8 

26*7 

1*82 
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1 

1 

2 

8 i 

4 

6 

6 I 

7 

8 

9 

u 

16 

» 

m ! 

19 79 : 

2-46 

1 

26-6 1 

5-3 

33-3 

1-67 

15 

20 

■■ 

18’73 

2-46 

26-6 , 

.V3 

32*0 

P67 

:a 

1 

1413 ' 

U-13 1 

2-376 - 

lUU ; 

5 

9 

0-416 

i: 

o 

1413 

14-13 i 

2-375 

lUtl 

5 

9'6 

0-7 

18 

s 

1413 

14-13 ' 

2-375 

100 

5 

15 

0-96 

19 

4 

1413 

14-13 1 

2-37.1 

100 

p 

J8 

I-IS 

2tJ 

s. 

, 1413 

14-13 1 

1 

2-375 

10») 

5 

17*6 ' 

1*0 

21 

1-.7 

3.m 

2.7-U 

3-3 

l.W , 

7-6 

I3'5 

0-6 

22 

3M 

334ii 

2.1-0 

.3-3 

irui 

7-r. 

l4-^'6 

1 o 

23 

4ri 

38 H 

2.1 ti 

3-3 

l.'ri 

7 <1 

22 -.1 

!-4 

- - 24 

fi-o 

3840 

25-ti 

3-3 1 

15tj 

7*5 

27-0 

1 ■« 

25 

i T-S 

3S10 

25-6 

3-3 1 

l.Ki j 

7-5 

20-25 

1-8 

; , 

! . - 2 . 

6200 

34-44 j 

4-3 j 

ISO ‘ 

9 

16 

♦ »*75 

27 

1 

1 s-r, 

02OO 

34-44 

! 4-3 

IHil 

9 

17 

1*23 

29 

I 

6iOO 

! 34-54 

i 4-3 

ISO 1 

j 

9 

27 

1-7 

29 ! • 7*5 

62tKi 

34-44 

f 

f 4-3 

ISO 1 

9 

32 

2*0 

I 3i'i 

9 

! 620ii 

; :y-44 

j 

4-3 

ISO ! 

f 

9 

32 

1-8 

i 

2 

» 8'HiO 

1 40 

j 4-75 

aif* i 

10 

18 

0-83 

32 

4 

j 80 (H 1 

i «> 

1 4-7.1 

2«ift ^ 

10 

19 

1*4 

33 

6 

1 sntto 

; 

: 4-75 

' 


30 

1-9 

34 


• 8'M) 

'• 4<» 

4-7.1 

200 I 

10 

1 36 

2-38 

35 

1 io 

J ajoo 

i ^ 

4-75 i 

200 1 

10 

I “ 

1 


(g) dzssifatioh ae ekebgy below elbhbd yebucal faius 

. . AHD NON-FLTIMED STARDING WAVE BAFFLE FALLS (*} 

ABSTRACT 

At the 17th AtiTinitl Mbothig oH Exarch Officcrsof thcCcoittsl Board dE 
XrHgati(m, white diacnssiiig Caiud Falls, CoL T. Blench, Director of the Foiijab 
Irri gation Beseaxch Loslitaie, suggested that, in Fhuned Falls, instead dt ex- 
panding the suh-critical flow helow the it should he better to expand 


(•) Central Waterways, Irrigation and Navigation Research Station, Poona, Annual Report, 
Xeehnical, 1947, pages 1^7-175. 
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UMhfpercziijcal Bow aktre it. dncetbe latter can lie fanned out to any diaip 
dirargence, thereby reducing the discharge intoisity and leading to a cheaper 
design. 

It is also known that vertical falls, particnlairly (d the flamed cat^^nr* 
haveatendmcyo!'* bellying ’’nnlegs corrected by soitable devices. 

There is a misgoided tendency of comparing costs of flamed and onflomed 
falls regardless of the additional purposes served by, and the greater intensity 
imposed on the former. It would bo useful to show that the same type 
ot fall (.ff., the Central Station Baffle FaQ— could he conriderahly cheapmied if 
flaming is not imposed. 

The present series of basic ^periments was, thus, started at the Poona 
Besearch Station, with a view to— 

(a) study the eSects of erpanding ttie hypercritical jet above a fall, 

(b) devise means of prevrating the tendency to erode the hanks wliieh 
cause embayments downstream of flmed vertical fells, and 

{c} evolve an economicalstation design of a non-fiumtd. Baffle TypeFalU 

MODELS 

Geometrically similar models scale 1/6 of the flamed vertical and the 
non-flamed baffle type fells were designed td the following data : — 

(/ssioo cusecs. 

/f=8feet. 

(fi— <fj=8'58 feet. 

B=al6'20 feet. 

the data being the same as that of the flamed fell designs reported in the Anna li 
Beport (Tech.) 1944. 

The model bed bdow the fell was laid in 0*34 mm. Koiegaon sand and 
the tests were d<me without any sand charge. The scour pattern obtained in 
the sand-bed wag observed and the general flow condirions were noted and photo- 
graphed to compare the designs with different modifleations incozj^oiated in 
them. 


IMBCnDBSmR or (Hr TESTS OH EUIMED VBBniUa f 

It was at once evident from the model that it is not qnite correct to say .that, 
a hypercritical jet can be made to follow anj/ degree of expansion, leading to. 
uniformly reduced intensity of discharge. For example, it was observed that 
thon^ the hypercitical jet followed 2 : 1 side expensions, yet the distribution of 
discharge across the section was not ipiiferm and with riiarperexpansdonsthe 
distribution was made worse. To study this fector in detail, observations of 
water level elevatkms were made with different ride splays-below the paralleh' 
sided eontiol aectign. 




Slof>et:l X 6^ Iftr8a6 I Slopel:! 



Figure 8C3:- Showing design of 8 feet vertical fall with flunking for Q = I00 cusecs 

10 S 0 (0 20 

- Scale kmmmmmit^=^^ r=^mmmmmmmmmmm4ssssssss=s s^ Feet 
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Thoa^ in ercdible channels, it is natural to have the discharge intensity 
in the centre greater than that at the ride, yet just above a fall, it b desirable to 
get uniform distribution all across the section btcpu^e this will giv** uniform pres- 
sure— plus— momentum required to balance the standing wave and will ultimate- 
ly prevent any jetting tendency which otherwise persists due to curvature of 
hypercritical flow, induced by non-uniform distribution of diir-herge intensity. 

With too low a discharge intenrity at the sides above a fall, optimum dis- 
sipation of energy cannot be expected ; and, the ratio of central to side depths at 
the end cross-section worked out to 1-74, 9*14 and 3*86 and. though the 
Velocity in very low hypercritical depths oonH not be observed, yet it was 
noted that the discharge intensity at the sides was less than in the centre. 

Comparing the discharge intensities at the centre and 6 inches (s3 feet) 
from the centre line on either side in the three cases, it was seen that the eflect of 
esqumsions sharper than 1 in 3 was to reduce the central intensity and inemm 
it up to one foot from centre ; though this happened in the central two feet strip 
below the throat, yet farther away from the centre the discharge intensty 
was feeble. Generally, however, the result wasthattbe discharge intensity all 
across the section was not nniform ; but it was rendered less un-uniform in the 
xniral portion when the sides below the parallel- .rided throat were made to 
siqiand along the extreme line of free flow. 

Chi theoretical grounds, expanding sides require a rising bed along tbe line 
of flow ; this was also tested but uniform discharge intensity was still not 
obtained 


IMPROVnO TEE PEBfOBKARCB OF FLDMED VEBTIGAl FAILS 

Starting with the design shown in Figure 8 C. 3the following modificatma 
were tested to improve the scour pattern and to reduce the sido emba jmenta 
downstream. 

(t) Effect of length of cistern floor. 

It appeared that vertical falls require a relatively Imiger cistern floor ; 

(»*) Depik of cistern. 

{Hi) Width of cistern and height of deflector. 

Tbe condition of flow in the cistern in all the tests as observed showed that 
the surface flow near the sides was forwar«l but beading towards the bank, 
while in the centre it was backward from tbe deflector towards the nappe ; and, 
for the lower filaments, the flow indicator showed that there was forward flou in 
the bottom one foot depth only (out of the total depth of 4 * 61 feet) and that, too, 
oacarred in intermittent spurts of &st current. 

A feature, but for which the scour pattern would have been wholly aatis&c* 
toiy, was the bellying of the scour contour lines at the ades. This is due to the 
natnie of flow oonditioBB, even in the best deffigp so &r tested. 
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To ensure an ideal pattern of scour it was necessary to produce natural 
forward flow at the exit section of the di-flsctor ; and after a number of explora- 
tory tests it was found that the addition of a central pier gave the desired results. 

It W0.S observed that the effect of a central pier is to pull back the flow lines, 
which otherwise tend to flow away from the centre, towards it. This result may 
be explained by the fact that due to the form drag of the pier sides, the velocities 
just near the pier face decr^se relatively more than at quarter widths of the 
throat, deflecting the flow lines towards the centre. 

NOH-FLUMED BAFFLE FALLS 

The design shown in Figure 8 C. 4 worked very weU in that there was satis- 
factory disupation of energy in the priauyy and secondary standing waves 
resulting in no scour downstream. From preliminary tests the pavement length 
wasredusedtoS-SSfeet =2-19 (Dj-ili) and, even so, the resullj as regards' 
scour and flow pattern were aathfactory. 

With 25% retrogression of downstream water levels, the hyr’r.'.ulic jtunp is 
swept out of the stiling basins m all types of falls tested at the S ation except 
the Station type Baffle Fa'l, which works squally satisfactorily with or without 
rdrogre^sion. 

Exploratory experiments made so far with the Station type design for a non- 
proportional, urfhmed, BaflSe-type Fall have shown that 1/2:1 glacis and 
about 2’2 {Di-Di) feet long cistern below the baffle gives sufficient length in 
which turbulence is sufficiently damped down. Thus, ’the preliminary tests 
have confirmed, as is only to be expected, that where fluming is not required 
the Station type design can be substantially cheapened. 

The difference in cost obtained by adopting a steeper glacis and shorter pave* 
ment in large falls will be appreciable 


(8) BEMTIONS BETWEEN THE STANBINO WA\E ELEUmS (<) 

The three main elements of standing wave are ; — 

(1) Discharge per foot run =2 

(2) Depth upstream of the wave=Di, and 

(3) Depth downstream of the wave=Dj, 

From considerations of momentum and pressure, it is shown in. text bools 
that these three elements are connected by the relation : — 

Dj Dj (Ui+l?*) ** 2g*/g . . . . . , (8 C. 1) 

(*) East Po&iab Irrigation Besdaroli Institute, Anuitsar, Annual Report, 1 947, pages 39«»4l« 






Figure 8C.4;- Showing baffJe fall design without any fluming for Q"IOO cusecs 
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In standing wave problems, we also encounter the following farther 
elements: — 

(4) Energy upstream of the wave »= 

(5) Energy downstream of the wave = and, 

(6) Head lost in the wave = 

These are connected with Dj and Dj, by the relations ; — 

(8 C. 2) 

and (8 C. 3) 

^L^\-ZBf^ (8 C. 4) 

There are, thus six quantities characterising the wave mz., ji, Di, Z), 

^/Aand ; connected by four relations— (8 C. 1) to (8 C. 4). Therefore, 

only two out of the six can be chosen independer/ly the others being derived, 
by these four relations. 

The process of derivation, is, however, not equally easy in all cases. Thus 

we know j and i)i, we can solve for D, from (8C. 1 ) and get from (8 C. 2); the 

substitution for Dj in (8 C. 3) gives ^/j and then is got by simple subtraction 

But if we know q and ^L, the algebraic solution fom Dj, D*, Efi and Eff is 
almost impossible. 

To get over the difficulty , the procedure is 

(i) For a pven value of q, give Pj different values and find the corres- 
ponding values of P* by solving (8 C. 1). 

(j’O Find and by substituting in (8 C. 2) and (8 C. 3) and then 

from (8 C. 4). 

{Hi) Plot against.the element which is to be evaluated say P,. 

We thus get a curve connecting Pt with for a given value of q. By 
giving ether values to q, we could get other similar curves ; so that finally there 
is a family of curves representing the relation between P« andP^ specific 
va'ues of q. 

If, in a given problem, vre know q and Bj^ we can choose the curve Which 
gives the rela!ion between B^ and P| for the known q and read, feenn it, the 
Value of Pj corresponding to the know 

Crump’s idea of ‘non-dimounonal’ latioB was oalonlated to aimj^y the 
calcolatuaus for such cmve-familks. Biiefiy, he took the ‘ciitiod’ depth 



TBB CISirrSAL BOIBD Ol IRBlfiATIOlir AK^'l'AL REPORT 1948 


942 


wliicb is a direct function of q by virtue of the relation. 




. . (8 C. 5) 


JT 

as a base, and expressed the ratios of D^, D* and "L to it by the symbols 

aiyandsre^ctively. AsDi,I>aand all had the dimensions of length, sr.y and 

a vfcre ‘non-dimenMOnal’ ratios. 


Later, the ratios of ^fi and to Dc w6te expressed by the symbols m 
and n. 


Crump Showed that x, y , «, *» and n vrere connected by the relations 


xy (®+y) =2 


.. (8C.6) 
. . (8 C. 7) 


• . . . . . (8 C. 8} 

and * (m — n)=(y — xflixy . . . . . . (8 C. 9) 

The question of explicity showing that all the ratios were interconnected, 
however, still remained. This was tackled in the Institute as follows 


Letx=t-R 

y==*+tt 

Substituting in (8 C. 6) wo get 


or 

i** 

t 




i . «. 

- <'•- -f 

• • 

« « 

.. (8 0.10) 


* <=t — ^ — 

-f.y 

• • 

.. (8 0.11) 

and 

y ,1- 

V 


» % 

.. (8 0.12) 

Henee 

w» ■« 

• « 

m • 

• • 
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^ ^ .. .. (8C.13) 

Similarly n = #*4-0"6<-i( **- ’* " 

and z = m — n — 2t ^ fl - ’* ..{8C. 15) 

Equations (8 C. 11) to (8 C. 16) showed that the jfre non-din^D^hml raiiot 
J?. y. z, m avd n were sinyk valued functions of the ^parameter, L The symmf'tTv 
between the e3:pre*s.sions for z and y and for w and n was i ko norietable. 

It followed That eLch of the ratios was a *»mgle-va!ue(] function of the other 

four. 

All the ratios were thus expressed, for the first time, in terms of a single 
parameter. 

The next step attempted was to use thk parametric represeutation for 
evaluating each of the ratios in terms of the others. This was nor vny successful 
as the reversal of series involved in expressing t in terms of x or y fro in equations 
f8 C. 11) or (8 C. 12) did not yield an easily convergent expres<ic-ri. Further 
attempts w’ere, however, in hand at the close of the yt ar and the jo’tjhlt m Las not 
been altogether given up. 

The object, of course, is to find, if pt»sijible, r-imple appioxin.a*ions for t atib 
ratio in terms of the others, so that the sts-nding wave clc mc-nts may be r-a.dly 
evaluated in terms of one another. 

Another line which was pursued wis the evaluation ol Ii,l- couespoiming 
values of a?, y, wi, and At first, the method used was to give flifferent values 

to the parameter /, viz. 1*00, 1*01, 1*02, 3*0(‘, 

and to obtain the corresponding values of the five ratios. These calculations 
were , however, temporarily given up in fatvour of the more direct evaluation of 
y, z, m, 41 in terms of x. The convenience in this case is that as z must lie 
between 0*0 and 1*0 , the calculations are confined to a definite range. 

During the year, calculationf were completed for values of y, z^ tn and n 
for a:=:0*001, 0-002, 0*003 200. 

The rest of the range from 0*201 to 1*000 will be completed next year. 

It is proposed to publish the reaultiuf " tables in a suitable form ; as they will 
be the most extensive worked out so far. Their application to the design of 
weirs, falls and outlets will also be studied. 

Another allied problem is the extension or adaptation of the eurvem Plates 
XI,1 and XI. 2 of the Central Board of Irrigation Publication No. 12 ‘ Design of 
weirs on penneabte foundations \ to the design of dams, where lae values of 


IBIQBI 
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are very uiucli bigger than those involved in weir design. This problem had 
been tackled towards the close of the year and a solution appeared in sight, but 
the working out of details had to be postponed due to more urgent work. 


DISCUSSION BY THE BESEABCH COMMITTEE 

* 

Mr. S. N. Gupta introduced item (1) and said that basic experiment 
had been in progress in the Cnited Provinces to standardise the design of iSarda 
type fall for the last few years. Previous investigations indicated the necessity 
of a cistern to be provided below the vertical drop for th6 maximum 
dissipation of energy and to eliminate the effect of wave wash. 


Observations were taken in the case of various falls for drops ranging from 
1 *6 feet to 20 -0 feet, and discharges varying from 55 cusecs to 8,000 cusecs to 
determine the optimum dimentions of the cistern. The statistical analysis 
the data showed that : 


where ic=»length of the cistern, P#— depth of the cistern, -Efc*=s3^pth over 
crest, and f/n=sdrop in the water surface. 

The effect of wave wash still persisted. Further experiments indicated 
that lougitudinui vaups provided iu the cistern having a spacing ^-reduced 
the wave wash considerably, but the rerults were'not yet finalised. 


Referring to item (2) Mb. Qx?pta said that it was interesting to note the 
results of ^utral Research Station, Poona for a fiumed vertical fall. On page 
171 of their Annual Research Report, the length of the cistein as indicated bv 
their model of 8 -0 feet fall, worked out to be 7 -5 or 25 -0 feet whereas 

by the Umted Provinces formula it came to 26 -70 feet, indicating hi A decree 
of similarity in their action of fallii^ water in the case of flamed type and crest 
type vertical falls. The depth of the cistern, however, was not the same in the 
cases; bemggreater inthe Poona fall. This was probably, due to the fact 
that tw cistern depth had invariably been adopted in accordance with the for- 

(^^25 edition) and in addition a 
suitable deflector had worked well in a deeper cistern. 


item (2) and said that these experiments 
*w 11 *^ ^ expand the hyper-critical jet above 

tl«M rather thm below befall, as the cost of ptrueture would be less, because 

M u expanaon. Side by side it was also 

tested if the bellying out tendency^ below vertical falls could be prevented. 
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Experimeatswercalsodonemtlianon-^wwfii fall with the object of 
reducing the cost. The j«M»icd baffle falls evolved at the Poona Stutifjn had 
been wrcmgly compared with other nm-flumed falls. Ther.',nl'-'< obtained 
were very satisfactory. , 

De. J. K. MAI,HOTP..t introduced item '31 ard. said that the revisim of the 
Central Board of Irrigation Publication No. t on “ Ifydr.iiilic Diaumms'’ was 
coMidered by +be O.B.I. in 1946 and it was found that .he caknl itions from 
which the original diagrams were compiled were not availabJo. 

The Seceetaby, Central Board of Irrigation, therefore, rf’que.‘.tcd Mr 
Montagu, the original compiler of the diagrams and then Chief Enginwr 
Punjab for help who passed on the job to the Irrigation Researeh Institute, 
Lahore. As Dr. Malhotra was interested in thi-j work, the.se culcuiutions were 
assigned to him and were completed by him e »rly in 1947. Dur'ng the nroces.4 
he tried to simplify the formula invo lved, and though he did not succeed in 
his object he got some interesting bye-products. j7or eYimple, he 
was able to exire-is all Crump’s non-dimensional ratios m terms of 
a single parameter, which Crump had failed to do. Dr. Malhotra wTote dt)wn 
the following equations by Crump : — 

TO ss ®-f ir* 


and said that obviously x, y, z, m and n were inter-connected, but this had not 
been explicitly proved so fer. By intioduoing a parameter, /, he had 
however, got the equations 

TOa»t*+-^ + 

•-r +r-'(‘*"T/ 

i^ch achieved thia otqeetive. 
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Hi3 next idea was to link up these ratios tiiough some sort of a mple 
formulae. He had not been very successful in his attempts to get the ratios as 
simple functionsof each other but he was stall trying and hopfng that- he would 
be able to get something out of it. 

Conf nu ng Db. Malhotra said that recently he had some enquiries as to 
how to work out the elements of a stcnding wave given the values of head 
lost fli, and discharge intensity, y . He r ointed out that where plates Xl 
a) and XI (2) of the O.B.I. Pubb'cation Xo. 12 ‘ Design of weirs on penne- 
ahle foundations ’ would normally serve for values of El upto 20 feet and of 

■p u’^.to 400 cuseos per foot run, it was possible to use these very same cu^es 

for higher values as well, by a very simple method, which he then briefly 
explained. 


Referring to item (1 ) Da. llAiflOTEA said that in table No. 22 of the United 
Provinces Report on which tlie formulae for the optimum length and depth 
of cisterns was based, it seemed to lum that some of the experiments b ere 
based on gec-metrically similar modelfs, which reduced the number of inde* 
piendent observations ^m 35 to 15. The correlation might, therefore, need to 
be reohecked. 

"Rat Bahadue SD. Khanoab referred to item (2) and asked what the po.<«i- 
tion of the baffle platform was with reference to the canal bed level. 

Rao Bahadur D.V. Joolehab replied that the position of the baffle - plat- 
form was determined by the discharge and the difference of water levels upistream 
and downstream and was independent of the downstream canal bed. 
In fact it might work oat to he fresh at higher, equal or lower level than the 
canal bed level. Tliis position was such that a standing wave would naturally 
form at the toe of tlie fall without the aid of the baffle. 

It was decdded to fcecv the subject on the agenda. 


DISCUSSION BY THE BOAED 

The Secbetarv said that three items were discussed at the Research 
Commitee meeting (page 934). There was no resolution. As regards Boards* 
revised publication on the subject, the work could not be undertaken in the 
Boards office for want of staff. 

Db. N. K. Bose said that a sub-committee had been appointed to review 
the draft of the revised publication “ Standing 'Wave or Hydraulic Jump ” 
prepared in the Boards’ ofiSce by Dr. Bhandari. The Suh-Gommittee comprising 
Rai Bahadur Eanwar Sain, Dr. N. K. Bose, Rai Bahadur C. L. Banda and Dr. 
JX. Malhotra met on 6th, 7th and 8th December, 1948. Mr.T.P.Xnttiammn.. 
was unavmdahly absent. 
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The Sub-Committee ha.l goue over the text in (ietail. They widied to 
record their appreciation of the great amount of reading and labour put in by 
Dr, Bhandari in preparing the draft. In view of ita being an altogether new and 
vastly improved version the Sub-Committee OTggested that this fact should be 
reectrded in a sui abV* form in the publication itself. 

The Si’I»-(‘ouiiuit'ep ilbcussed and recorded a number of suggestions for 
adding to the utility f the publication. The additions and altoratious would 
acconlingly b * carrie 1 out in the text by Dr. Bhandari and a comiilete draft 
piepared, if possible, by the time of next Winter Meeting of the Research 
{’ommitte**, vothatihe final di aft would lie avtilablefor consideration at the 
next Research Coniiuinee M* ct ing in 1 949. In view of the large nr mber of refe- 
rences required to be c< n'niltcd in this connecthin, the Sub-Committee suggei’ 
ted that Or. Bhaudari be given all the help necessary to enable him to devote 
his .attention to this very important draft. 

On behfilf nf the jBoard the Secretary thanked the memljers of the Sub- 
committee for I he work they had put in on the draft. He was glad to learn that 
the draft had their general approval. Their recommendations would no doubt be 
incorporated in the revised draft which would be available as early as possible. 



9C. Distributary Heads 

PBEUMINABY NOTE 

Tliis subject lias been on the agenda since 1940, and bas been considered 
from three aspects, viz., regulation, metering of supply and silt control. 

At the 1945 meeting of the Board it was resolved that a Central Board of 
Irrigation publication should be issued on the “ De.sign of distributary heads ” 
and with this <nd ir \iew research officers be asked to contribute their drafts 
on the subject by May 31, 1946, 

Tlie Punjab, Sind and Madras have sent in their contributions. Central 
W aterwaj s, Irrigation and Navigation Research Station suggested last year that 
certain j ublications were for inclusion on the subject- as their contribution. 
Reply from United Provinces is still awaited. The rest of the Provinces and 
States have nothing to contribute. This publication is now ready for 
compilatiou. 

The following were discussed at the 1947 Research Committee 
Meeting : — 

{]) Basic exp! riments to investigate the effect on silt distribution of 

(a) angle of offtake 

(b) varying discharges 

(2! To find a suitable device for eliminating bed scour below Ghaggax 
Canal Head. 

(3) Basic experimentp for deterauning co-efficients for radial gates. 

(4) Model experiments in connection with scour below cross legulator 
ov er Sind Canal at Rustom. 

(5) .Model exi>eiiment3 in connection with alting of Saidkhan distribu- 

tary ex-Hyderabad Branch. • 

(6) Model expert venhs in connection with silting of Dalote and Patoi 
distribularies ex-Jararao Canal. 

(7) Model experime ts in ccnnecidon with silting of Jamrao Canal, 
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the TEAH’S WORK 

DISCnSSIOK ST THE SESIAUCH COMMinEE 

There wa? no contribution on the subject and no discussion took pHce at 
the 194d meeting nf the Eesearch Committee. 

H1SCIJS8ION B7 THE BOABD 

The Secretarv said that there was no contribution and no discussion at 
tlie Research Coraniittce Meeting. As regarrls proposed publication of the Board 
on til? subject, the only note awaited was from United Provinces. 


Mu. (.tI PTA said rliai, he w rmld sendingthe T. P. contribution in a month's 
time. 



IOC. Excluders and Ejectors 

FBEUMOi&BY NOICE 

This subject has been on the agenda since 1938 and papers have been con- 
tributed describing the design and the results of excluders and ejectors in the 
Punjab dealing with various aspects of design and giving experimental results. 

^ At the 1945 itiecting of the Board it wa*s resolved that a Central Board of 
Irrigation jpublication should be issued on the subject summarising the 
position npto 3945-46, and that the Punjab Irrigation Research Institute, 
Lahore, be requested to draft the proposed publication. 

The Chief Engineer, Punjab Irrigation, issued instructions to the Director, 
Irrigation Research Institute, Lahore to prepare a draft of the proposed 
publication. 

The following items were discussed at the 1947 Research Committee 
Meeting, 

(1) Model experiments for exclusion of silt from Damodar Canal. 

(2) .Inalysis of obseiwations on silt exclusion at the headworks of 

Damofhir Cans! at Rliondia. 

(3) Silt ‘-‘xclusion work« at Lioyd Barrage at Sufckar — ^by T. R. Sethna, 

(4) Df'Mgn of Lower Sind Barrage at Kotri for effective sand exclusion 

from canals — Sind, 

(5) Optimum shape of the nose of Keti Island at Kotri for the Lower Sind 
Barrage. 

(6) Model experiments on the exclusion of sand from a feeder channel 
taking off from a river. 

(7) Sediment investigations'- river Sutlej at Hussainiwala headworks. 

(8) Sediment investigations— river Yamuna at Tajewala headworks. 

(9) Sediment investigations— river lavi at Dhanna weii. 


m 
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THE TEAR’S WORK 

The following items were discussed at the 1948 Research Committoo 
Meeting : — 

To design a suitable type of shingle excluder for the new supply 
channel at Bhimgodji weir, Hardwar. * ’ 

Bamodar River Model. 

Silt exclusion experiment at the headworks oi the Damodar Canal 
at Rhondia. 

Comparison of sand exclusion at the nose of the outer bank and 
the raised sill of the approach cbann"! under present ccndiv.ons and 
nirh the out:-r bank extended to position ©—experimeuts in 
1,'SO : 1/40 part widtli Sakkar Barrage 3Iod[e]. 

Effect of chance in re^uation ope;afons of the right roc’et on 
sand exclusion — experiments in 1 '50 : 1/40 par- width Sukkux 
Barrage Model. 

Supply of sand free water to Jamshedpur Powerhouse. 

Model of Nangal Canal excluder. 


(1) TO DE8I6H A SUTFABZiE TTPE OF SHINOLE EXCX.TJBEB FOR THE 
NEW SUPPLY CHANNEL AT BHIMGODA WEIR, HARDWAR 

ABSTRACT 

There are two laincipal feeders to the Ganga Canal at present, knowo as old 
and now supply channels. The present Bhimgoda Head works were consiincted 
in 1920 before which thcoM supply channels upstream used to be fedby temporary 
bun h aftei every monsoon, ihie main stream upstream before 1920 used to be 
on the Isft. This natural!/ caused considerable difficulty aftar ihe corst ruction of 
the pie;:»Dt head-works in feeding the sew supply channel during the winter. The 
new supply channel was also receiving let of shingle when fed drr'sg reins. To 
get over this difficulty a new channel knows as B. B. cut was developed at right 
angles to the sluices which nltonatly became the main stioam. 

As the oS-take usually takes hi^^ silt charge than ito share, the entire 
chazgo of ma river started passing through the B. B. cut, so the shoaling tendency 
of tlm new supply channel was gradually .aggravated. 

Another contribniary factor for shoaling the new supply ohrns ' I, which also 
slightly helped in cansing increased ictiOiKSsion downstn rm of the sluices 
discuKed earlier, was thoraising of cill IeT> l below sluices br or.p icot i.f., npto 
R.L. 939 carried out in 1944. It was decided to study the causes of increased 
shoaling in the new snpply channel and surest preventive neassres. 

POSSIBLE PREVENTIVE HEASORES 

Prom the model of the River Ganga referred to in eonuection with 
flood protection of Eankhal it was also clear that the new supply chamtd was 
taking considerable bed load at almost all the supplies when there was bed 

{*) United PioTinoM lRisaii)io& Beaesreh Statknt, Report on R-seitrch Progr.'SB, during 
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movement. However, at low floods of the range of 50,000 to 90,000 cusecs, the 
shoaling was foxmd to be very much increased as a result of regulation. But this 
aspect of the problem has not been studied in greater detail so far, nor would 
this alone matter much. The conditions obtained at site suggested very 
strongly a shin^ef esehider, as— 

(i) The approach channel is strai^t in fiont of the sluices. 

{ii) Any amount of escapage is possible for exclusion. 

(m") No bed movement takes place below 20,000 cusecs and so no es- 
capage required except when the river is in floods. 

(ic) Available use of regulating gate in bay No. 1 (width=50 feet) for creat- 
ing difference of head at the entrance of tunnels. 

d') Plenty of drop available at sluices at all floods. 


MODEL INVESnCATIONS 


A part model consisting of the sluices, and bays No. 1 and 2 of the weir was 
.••f*nstructed and laid in Kanipur and with a 10% mixture of shingle varvina 
ftr m 1/8 inch to 3;S inch. 

The scales adopted were 
Length scale 

Depth scale Df— i 

Discharge scale 

. Time scale T»=sJ. 

96 

A^r proving the model, two observation pits were built in the supply 
enamel downrtream of the head regulator. With the running of flood cycle for 
1947 the shoaling in the supply channel reached up to R.L. 946, i.e. , about three 

higher than the crest of the head regulator. The cubical contents of the 
shingle deposit within the observation pit was found to be 15 • 15 cubic feet. 

Next four bell-mouthed excluder tunnels of size 11 feet x 4*25 feet were 
instructed to cover lines of flow towards 3, 2, 2 and 3 bays of the head regulator 
» ? MQ tunnels was kept at R. L. 938 and exit at 

]^L. ^9,the cill level of the duices, with a smooth slope upwards at the exit. 
This did mrt ^ve at all satisfactory as there was considerable turbulence at the 
entrance of the tunnels dne to excessive bell-mcuthing. 


In the next experiment, straight openings were provided in place of bell- 
mouthed entrances for the tunnels and the exit lowered to R.L. 938 by removing 
theone foot ci 1. nh resulted in about 60% efSciency, there being only 3-8 
OThio feet of sbu^le deposit m the observation pit. Keeping the size of the 
immls as 11 feetx4*25 feet, a slight curvature was provided at the face 
wh»h leutltea m mcreasing the entrance width to 26 feet and the neck to 13*5 




Figure 1 0 Cl Showing arrangement of 4 tunnels for the excluder at tfte head of new supitfy dnumel 

at Bhimgoda Wetr 

IM so 0 too 3M MO 






Figure 1 0.C2:- Showing arrangement of 3 tunnels for the excluder at the head of new supply channel at Bhimgoda 

Weir 
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lathis series of esperimeats, several positions were tried to obtain the 
arrangement of the tnnnels to cover the lines of flow entering the supply 
channel.^ The arrangement as per Figure 10 C. 1 was finally decided f'>r a four 
tunnel silt excluder. It was, however, noticed that at high flood? wh'-n the 
standing wave was puUed up, there was a tendency of accumulation of shiiisle on 
the floor dc^stream of the tunnels. This could, however, be easily washed 
away by raising the gate of sluice No. 1 and thus increasing the discluiru*-' t jirfpugh 
the sluice. The efficiency of this excluder worked out to 87 per cent. 

It was observed in the above design that the first tunnel was usually ex- 
tracting less bed charge as the bed currents in front of this tumlel were d-il'e jted 
away due to curved upstream wing of the regulator. In view of this aiid appa- 
rently greater advantage in having a bigger sized tunnel, it was con^ideiod 
desirable to test another design with three tunnels as per Figure 10 C. 2 k'-eping 
the tunnel dimensions 15 feet X 5 feet, TheExecutiveEngineer. Non h •ml*; vi- 
sion, told us that the bed ofthese tunnels would require granite flituduir. Since 
the existing floor in front of the regulator had to be uprooted in aiiv case, it 
was decided to lower the bed of the tunnels to R.L. 937. This would ulso give 
better working head. On running the model, it was found to make iiiueh less 
deposits on the floor downstream as the hyper-critical jet issuing from the tunnels 
was lower in comparison to the jet from sluice No 2 which fanned out before 
the tunnels and automatically helped in removing all the excluded material. 
The design was also found to be more efficient than the design of Figure 10 0. 1. 
T^e bigger tunnels provided greater space within, and in consequen'jv, les.- fric- 
tional losses. They are preferred, their chances of getting choked < i Ido-k li up 
with floating debris are more remote. The model was ffirtlier fried forLiguer 
floods up to 6 lakhs (30 cusecs in the model) and the general cfficieie y was not 
found to be affected at any stage. 

BECOMMEirohTIOHS 

(1) Tunnel excladeis as pet Figure 10 C. 2 are to be buOt fur preventing 
riie riuMtling of the new supply channel. 

(2) The gateofbay No. 1 is to be kept lowered up to the top E. L. of the 
tunnels or lower if need be at very low floods wheuevi r it is possible 
to escape water. Maximum difference of head between the entrance 
and exit of the tunnels should be created by i^guliitienuo far as 
possible. 


(3) If aocumnlation of shingle is noticed below sluice No. 1, the 
chances of which are extremely remote, the gate may be momentarily 
raised to flash it out. 

(4) Care may be taken to prevent the drift wood getting too near 

and entering the months of the tunnels. 
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(8) At veiy high'floods if the gate in sluice No. 1 is likely to be overtopped, 
it may be raised if desired only to the extent that it is prevented 
from being overtopped. This will continue to impose adequate 
difference of head at the mouth of tunnels. 

(6) As the boulders are expected to be sucked in with good speed, the noses 

of the divide wa-lls between tunnels may be provided with angle iron 
casing and the floor of the tunnel flagged with granite, 

(7) The river is recommended to be spread out hy suitably lowering the 
crests of the weir so that the intensity of bed matcTial brought 
down to th^" sluices is reduced. 


(2) DAMODAEL BITER MODEL («) 

ABSTBACT 

This model was xmdertakeB to study the following two problems 

(1) Exctpsion of silt from the Damodar Canal. 

(2) Prevention of erosion at the upstream nose of the right bank Bell Bund 
of the Anderson Weir opposite the Damodar Canal Head B^ulator. 

JSXCLUSION OF SILT FBOM TEE BAHOOAB CANAL 

As explained on page 82 of 1946 Annual Report, methods of silt exclusion 
by judicious gate manipulation only were tried in the model. ^ The canal takes 
off from the left nndersluice pocket. There are three bays (each 60 feet wide) in 
the undersluice and 6 vents (each 20 feet wide) in the head regulator of the canal. 
The normal working procedure is to keep, the three underduice bay openmg® 
equr.l and so also for the head regulator vents. The top of the undersluice gates 
is at the level of the crest of the weir, when they are fully lowered on the under- 
sluice floor to prevent undershot flow. These gates are designed, to stand 
when submerged, only one foot of water above their top levels, so that they are 
to be raised as soon as the depth of water above their top level exceeds one foot* 
The crest level of the weir as well as the top of the undersluice gates when fully 
lowered is 164*00 (R.L.). The supply into the canal is allowed so long as the 


BiTO BasMXeh Instttate^ West AmoM Beport, 1W7, Pages 97-99. 
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water le\el in the undrrpluice pocket is below 170-0 (R.L.J. Thi.' still pond 
system cannot, therefore. Ite prai-tistd with the existing under.shiiee gates. 
The only thing that (.in be done i*. t'<have the and* rs'niee bay opening- unequal 
instead cf equal, :.8 u;miily practised. Tlie following three arrorg-'inent-i of 
undersluice Imiv opeiiings were tried in the model to ree if the silt enj n- into the 
canal shows any diffi-rence in the three cases - 

(1) Openings increasing from left to rij^it. 

(2) Openings equal. 

(3) Openings decreasing from left to right. 

The openings in the head regulator vents wore kept equal in all the three 
cases. In each case a steady discharge of lOO.OOi) cusecs was passed over the 
mode! and proper water-level rniintaiaed upstnam and dowixstreum of the 
weir. A discharge equit'alent to 2 000 cusec.s in th * prototvqie was allowed into 
the canal by proper adjustment of head regulat‘»r gates. The proja-r ;>p« niugs in 
the undersluice bays in the above three ca.ses were fmind in the mud.l to be— 

(1) Left bay— inch. Middle b»y— 1| inch. Righ» bay — inch, 

(2) Left bay— If inch, liliddle buy — If inch, Right bay — If inch. 

(3) Left bay — ^2f inch, Middle bay — If inch. Kigiit bjty — If inch. 

• 

Sand was dropped at the cross-section one mile above the weir near the 
left bank at a rate so that the river can just carry the am., tint forward and there 
is no deposition at the place of dropping. The mode! we-', inn for six honns in 
each experiment, while 0-9 c. ft. i>f .^and was dropped as stated above and the 
amount entering the canal during the course of the experiment was measured at 
the end of the run. The results were nut con.dsteut. The same experiments 
repeated did not give similar results reganling silt « ntry into the canal There 
may be various reasons for such inconsistency bvt one of the reastms is sorely this 
that the state of wetness of the model bed (moisture content), before water is 
first let over it, cannot be similar in two different experiments. 

Attempts were made by dropping small w-ax balls mude just heavier 
than water by admixture of chalk powder to find out the difference, if any, of 
silt entry into the canal in the three types of undersluice bay openings. But 
due to the difficulty in producing large number of these balls in uniform size, 
sufficiently small, the idea was abandoned and mustard seeds were tried as 
substitute. Mustard seeds were first put into water and allowed t) stand for 
an hour. The portion floating on the suiface was removed and the remaining 
portion was properly washed by water. The required quantity of this washed 
sample was then weighed when just moist and dropped in the model at the croee- 
section f mile above the weir during a fixed peti^ of time, the model raniung 
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Steadily during ihis jperiod and an hour more with discharge 100,000 cusccs. 
The see«ls entering the canal during this period were trapped and weighed after 
the ex, eriinents ; weighing being done in a similar moist stage as before. It 
could iir>v, however, be guaranteed that the moisture content in the two stages 
are exactly equal. Here also the results are net very consistent. But as the 
moisture content of the seeds might have been different at the time of weighing 
in the different experiments, it *^1 not be safe to draw any definite conclusion 
by comparing the weights of the seeds entering the canal. A better procedure 
• would be to count the number of seeds entering the canal in each experiment and 
to use the seeds of the same variety in different experiments to be compared. 


(3) SILT EXCLUSION EXPERIMENT AT THE BEADWOBRS OF THE 
DAHODAB CANAL AT BHONBIA (») 

The Damodar Canal takes off from the River Damodar at Ehondia. The 
weir at Rhondia has a fixed crest at 164*0 E.L. of a total length of 3,750 feet 
and an undersluice portion with a flat sloping floor at R.L. 166-0 at the centre 
line of the weir. There are 3 gates each 60 feet wide in the 3 bays of the under- 
sluice. These gates open from the above, the top level of the gates when 
silting on the floor being 164*0. These gates are generally opened uniformly 
to maintain a certain pond level and the canal regt^tor gates (five in number, 
each 20 feet wide) are also opened uniformly to admit the desired discharge 
into the canal. 

The canal runs through high cutting in the first 2 to 3 miles of its head 
reach and the spoils had also been thrown on the berms during construction. 
During rains these spoils slide down to the bed of the canal and create a sort 
of a bottle neck at mile 2 of the canal. In consequence, the slope of the canal 
flow is flattened and whatever sand and silt enters the canal settles in this 
reach. As it is very expensive to remove all the spoils and high banks in the 
2 or 3 miles of the canal, attempt was made to see if by any other method the 
entry of silt into the canal could he reduced. 

Last year experiments were designed to study the effect of varying the 
openings of different undersluice and head regulator gates at the Anderson 
Weir at Rhondia as a means of reducing entry of silt in the head reaches of 
the Damodar Canal. For this purpose, observations of the silt intensity m 
the river and the canal were taken first with uniform openings and then by , 
incareasing the undersluioe gate openings from the left to the right hand bays 
and rairing the canal regulator gates more and more from the upstream end. 

The suspended silt content m the nver water was observed last year at * 
a point just upstream of the weir. This was the most suitable point for obser- 
vation. But the river silt content as observed at this point was almost in- 
vambly less than the canal alt content. This was probably due to the flow 
being obstructed ahead of the point of sampling' so that the coarser particles 
settled down. 


(») River Reaearoh Ihstitnte, West Bengal, Axmxia3 Report, 1U7, pages lOO-lOA. 
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Tbis year observations of*the river silt content were simultaneously made 
at a point downstream of the river. It was found that the upstream river 
silt content was less than the canal silt content but the silt content of the 
river at the downstream was'slightly higher than in the canal. Hence this 
downstream river silt was considered to be more representative ot the river 
and was taken into account. 

This year observations were taken keeping head regulator gates uniformly 
open all throughout but varying the undersluice gates in three ways : (1) by 
operating the gates uniformly, (2) by increasing the gate openings from the 
to the right, and (3) by increasing the gate openings from the right to the 

left. 


Ab before the ratio between the silt intensity in the canal water and the 
river water has been studied. It was found that the ratio is almost always 
less than unity. 

The ratios as obtained for different observations were gnmped into three 
classes according to the nature of the openings of the undesrsluice cates. 
The mean valne of the ratio for each cl^ and the standard deviation from 
this mean are given in Table 10 C. 1. 


TABLE 10 C-1 


Katnre of openiog of imtler- 
sluice gate 

JCumber of 
observation 

Mean ratio 

Standard 

deviatirm 

Coe£6cient of 
variation 

1. Uniform 

62 

0-777 

0-223 

28-6 

2. Increasing from left to right. 

27 

0-66S 


25-4 

3. Increasing from right to 
left 

28 

U-882 

0-111 

12-6 


It is found from the above that the ratio of the canal silt content to the 
river silt content decreases on the average when the gates are operated in- 
creasingly ftcm the left to right, by about 14 per cent., but increases by nearly 
the gnirift amount when the relative position of the gates is reversed. 


The s^nificance of the difference observed in the mean values and standard ^ 
deviations has been tested by Fisher’s f and Fisher’s Z respectivdy which are 
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whero arj and -Sg are lie means, and $i and Sgare the standard deviations of 
the two samples whose difference is tested and % and Mg are the number of 
obsen-ations for each. The values of t and Z and their signifine rtoe are given 
below : — . « 

Pifference I Significance of i g Significance of z 

bet'weea sampleft' ^ 

land 2 .. 2*283 Significant on 5 per oent. 0*270 Not significant, 

lands .. 1*042 Not significant .. 0*696 Highly significant. 

Thus the decrease in the ratio of the ca^ silt by river silt in the case 
of increasing gate openings from the left to right is significant. In the other 
case the difference between (uniform opening) and (for increasing gate 
openings from right to left) is highly significant and as such the <-test is not 
applicable. However, this latter test, when applied, does not prononnce 
the increase in the ratio to be signiffcant. 

It appeared that by working the imderalnice gates in sudi way as .to give 
more opening from left to right, the silt entry into the canal is reduced. It 
was, therefore, suggested that this method be followed at Rhondk Headworks 
during the next working, season. 

During 1947 monsoon season the canal headregnlator gates were opened 
uniformly. It is proposed to try these experiments dmd^ 1948 by varying 
the canal regulator gate openings from the uniform opening as pygctised last 
year. 


(4) CCMPABlSQNOFSASD.BXCL'DSIONA.TTH&iroSE OF TEE OUIEB 
EMKAin)ATTB£IUUfi£3)aLLOFl!EE APPROACH CEAEIIFL 
TJEDER present COHDmONS AND WITH OUTER batctt 

1 1 

EXTENDED TO POSITION Q— EXPERIMENTS IN : 

80 40 

PART-WIDTH, SCERUR BARBAOE MODEL (^} ■ 

The foDowing expoiments were carried out to test the effect of the extended 
bsmlt on sand-exclusion : — 


Exdusion ot the nose and at ihe raised siH 
with iSie existing wnejimded Qvter Bank, 


(<) Central ’Waterways, Irrigation and NaTigatioDBcseanhStetioiiL 

Xeebnisal, IW7, fa^ 177.118. ^ 


?0Qn% Annual Bepcrt 
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i ^ part-width model was laid in Koregaon saal of 0-34 

m. m. diameter to the 1947 sonndings. 

The following discharges and gauges were maintained ; 

QEiver 275,000 cusecs 

Q Approach Channel 45,000 cusecs 

Q Tail Channel 27,000 cosecs 

‘ I*" t 

Q Pocket “ ' ' 18,000 cusecs 

Outfall gauge R,_L. 196 • 8 

Water level downstream of Barrage R. L, 193’3 

Surface and Red lines of flow were observed by wool thread in the Approach 
Channel. 

Experimmt (2) : — 

The Outer bank of the Approach Channel was estended to position Q 
and the scour-hole at the present nose was filled up to R.L. 175 as obtained in 
previous esperiments. Same gauges and discharges as in Experiment 1 were 
maintained. 

Experiment (3) 

Though actually no appreciable scour occurred on the Appiiiach 
Channel .dele of tie nose in Experiment 2 the bed was laid ifown to 
R. L. IGO to impose the worst emmitions, assuming a scour-bole wou'd fo m, 
though of les:i depth than under existing conditions due to the flat slope of 
the extend nose. 


BESULTS 

For efficient sand exclusion at the raised sill, the flow in the Approach 
Channel should follow the right bank ; actually under the present conditions it 
hugs the Outer Bank. This partly neutralises the curvature of the Approach 
Channel intended to exclude bed material at the raised sill. The e;!cc]usion at 
the nose has also deteriorated since the bed material is attracted into the deepter 
scour-hole on the Approach Channel side. 

With contmuous extension of the Outer Bank to the position Q, tho flow 
conditions were appreciably improved, both at the entrance of the Approach 
Channel and at the raised sill. 

KSICBI 
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There was no leticrii flow at the entrance of the Approach Channel and 
the surface flow followed the Bight Bank, thus establishing the desired favour- 
able curvature for sand exclusion. 

Inspite of the wider entrance of the Approach Channel when extended to 
positiou Q, the width of bed material drawn by the Approach Channel was 
less, being only 450 feet against 630 feet under present conditions. Exclusion 
at the raised sill was also noticeably better in Experiment 2, as the distance 
of the divide from Bight Bank was onJy 110 feet as against 160 feet under present 
conditions. 

With scour-hole laid down to B. L. 160 on the Approach Channel side 
of the nose in Experiment 3 — a severe assumed condition — slightly more bed 
material was attracted into the Approach Channel as compared to Expe- 
riment 2 ; but this was still better than with the pr^ent unextended nose- 
Exclusion as the raised sill remained as good as in Experiment 2. 

CONCLUSIOIIS 

With the extension of the Outer Bank, as already recommended, tiie deep 
scour-hole near the nose in the Approach Channel will accrete and slips in 
the Bight Bank wiU be prevented. 

Sand Exclusion at the nose and at the raised sill will be materially improved 
and will remain so even if a scour-hole develops at the entrance of the 
Approach Channel. • 


(5) EFFECT OF CHANGE IN REOBhATIOE OPERATIONS OFTHE BIGHT 

POCKET ON SAND EXCLUSION— EXIERIMENTS IN -4r- = -ir- 

80 40 

FAET-WIDTH STJKKDR BABEA©E MODELS(®) 

Since the construction of the Approach Channel, it has been usual to 
cany out the annual scouring operations of the Eight Pocket towards the end of 
Ah^ani, in the middle of September. The Pocket thus flushed remains clear 
till the next floods. With river discharge above 3 lakhs cusecs, there is excessive 
sUt in suspension and the pocket gets silted fairly quickly, especially in the 
reach up to 900 feet upstream of the barrage. A stable channel section sufficient 
to carry the designed discharge, however, remains and there is no progressive 
reduction in area of the pocket as is generally supposed. Nor the quantity 
of the deposited silt, when scoured later, make a significant addition to the 
silt charge entering the canals. 


(•) GeaiM Wateo^ Aagation and Narigation Besearch Station, Poona, Annual Beport^ 
1947, pages 179485. 
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The September scouiing operation is carried out vdih eamU closed and a 
maximum <£scharge of 27,000 cusecs is run in the Pocket and ISjCKH) cusecs in 
the Tail Channel, thus maMng a total of 45,000 cusf'C'S in the Approitch Channel. 
In previous years, the canals were kept closed during ahkahini scouring in Jane, 
July or August ; but this naturally seriously interfered with irrigation opera- 
tions. 

Experiments were carried out to compare sand exclusion at the roist J .slil 
of the offtake into the Bight Pocket under existing regulation opci.itiorr: and 
under change in regulation. 

It was found that increase in the pocket discharge to 24,000 cusecs luain- 
taining ratio ^ pocket =1 '5 deteriorated the exclusion at the raised sill. 
Beversal of this ratio apparently reverses the favourable curvature at the 
raised sill. This is only to be expected. So, either on increase in pockot 
discharge maintaining the discharge ratio of 1 *5 or altering this ratio even for 
a short period is likeiy to draw more sand into the pocket.* 

Thus, with the change in scouring operations, there would be a higher 
SftTid charge drawn by the pocket and, consequently, the N. W. Canal and the 
Bice Canal would draw more sand than at present. The Dadu Canal is likely 
to be the worst affected compared to existing conditions. 

By admitting more water in the Pocket, as compared with the discharge 
in the Tail Channel, in order to scour the Pocket (while keeping tlie canals 
running), the favourable curvature at the raised siU is rever.sed and large 
quantities of sand will be drawn by the Pocket, which would subsequently 
find their way into all these canals. 


(6) SUPPLY OF SAND-FBEE WATES TO JAUSHEDPUR PUUP-EOUSE (* } 

iHiBODUcnoir 

Both the Jamshedpur Steel Works and the town were previously served by 
water pumped firom the Subamarekhs Biver. Becently, theDinma nola has 
been some six miles north east of Jamshedpur and water supply for 

the town is tapped from this Dimna reservoir ; but water for the Steel Works 
con tipueB to be pumped from the river just upstream of the pick-up weir. 
The oTigfcing pumping installations have a total capacity of 31,850 gallons per 
minute. The existiug suction main is a four feet diameter, cast iion pipe with 
its open end located midstiwm, some distance above the weir, at ii point where 
bed water heavily charged with bed sand is evidently sucked in without hind- 
rance. 

The pumps can be worked continuously all the year round except for the 
danger of the heavy charge of sand being drawn during the flood season, which 
cfCuses heavy wear and tear of pump casings and impeSoxs, thus reducing their 
life and efficiency. Hence, during floods, the pumps are being worked at 

{•) Central Waterways, Irrigation and Navigation BtstarcJi Station, Poona, Annual B^it 
Ceohsioal, 1847, pages 187-190. • 
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present to meet only the minimum requirements. In spite of this precautionj 
in the monsoon about 6,000 cubic feet of sand collects daily in the main common 
suction chamber inside the Pump-house and has to be promptly removed ; 
and, as a result, the pump casings have been severely pitted and have slowly 
disint^rated by attrition. 

LOCAnoN OF THE PiniF-HOnSE 

- The first requirement, was to design a practically sand-excluding intalce. 

Various methods have been tried and tested, in the past, for sand exclusion 
mainly in connection with the design of canal headworks. None has been 
found as satisfactory, in general, as locating the intake on the concave outer) 

bank of a curve, where the bed water containing sand is naturally dnflAffted 
away and only sand-firee, top water enters the intake works. 

The first essefitial was, therefore, to locate the intake near the downstream 
end of the available concave bend, though well upstream of the cross-over of 
the deep-water river channel, so as to obtain the marimTun benefit of the favour- 
able river curvature. A suitable point near the existing Pump-house was 
suggested for the intake, on these considerations. 

Two counteracting features, reducing the efdciency of sand pyo fasion 
must, however, be borne in mind 

(1) The effect of curvature is diminished in periods of low river by ponding 
of wato caused by the weir ; and 

(2) In high floods, in spite of repoationing of the intake, the bed ganH 
thrown into suspension by turbulence and intermixing of the water at difpArAnt 
depths may still be sucked in, to a certain extent, unless arrangements are 
made to tap only the top filaments and to insure TniTiiTnnm agitation. 

In addition to correctly relocating the intake, some additional arrange- 
ment to prevent the entry of sand in the suction pipe was, therefore, consider- 
ed necessary. 

INTAEE TOWER 

An intake tower, well streamlined in plan to miniTwisA turbulence and with 
an arrangement lor tapping surface water at all river stages, as shown was, 
recommended. 

PIPE IilMES FBOH INTAKE TOWER TO PUUP-HOUSE 

AliSnmsnt. — ^The best alignment can only be determined from a contoured 
plan, or else from cro^-seotions and L. section, which were not available 

Sfe — It is al^ys desirable to maintain as high a water level in the Tower 
u possible in keeping with the cut-off necessary to pass the required discharge 
into the chambers over the movable gates. It is, however, preferable that 
pipe diameters should be designed for the lowest water level inside the Tower. 
The dze of the pipe being thus determined, further reduction of pipe diameter 





Fig. 10.C.3. {1918) 
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merely to increase the scorning velocity— to keep the pipe flushed— is not per-* 
missible as the capacity of the pipe will then he inadeqjiate at low water level 
in the chamber. Moreover, for flushings, high velocities can be generated by 
proper control of the Tower gates and gate valve.^ in the intake j>ipes. These 
considerations led to the tidoption of f mr feet uu-cohcrete p5 j»es as leading 
mains from the twin inlet chambers and five feet diamet’”fr nine as common main 
connecting the four feet pipes with the Pump-house sump. 

■tf' 

B^olation. — ^In low river, all the gates excepting tiro Lottum gat’js are 
to be closed so that water will only enter through the iteripheral vents, flow 
down the intake pipes and collect in the middle chamber, from where it is 
carried to the. Pump-Louse by the Tn-i!r.>- . 

With the oncome of floods, the Water level will firss sufScivntlv rise to 
permit taking water over the top of the lowest gate. The intake pipes are 
then to be closed with the covers ajd the outer gates folly iow«rcd. 

Depth of water for passing 133 • .)3 ciisecs over the pair of gates is estimated 
to be about one foot. 

The gates are always to be so operated, as far as possible, that jpnly about 
one foot layer of surface water is tapped. 

The inner chambers of the Tower can easily be closed— one at a time or 
both together~by lowering all the gates and draining the chambers by opening 
the sluice valves in the water mains. During this time — ^which will not be 
frequent or long— water for works can be supplied from the second chamber 
of the Tower, if one is closed down ; or, if both chambers are simultaneously 
dosed, from the cooling pond or else from the Dimua reservoir. 

ConstiQCfional diffionliies.— As water supply can be taken from the Dimna 
reservoir during the period of construction, no serious difficulty is anticipated 
in constructing the proposed Tower. 

As soon as the water level has gone sufficiently low, the existing diversion 
weir below Pump-house can be cut to drain off the water. The foundations 
can then be built in the dry without having recourse to Coffer-dams or a ring 
bwnd. 

After the work has sufficiently progressed and is carried almve foundaMonr 
the breach in the weir can be nmde good. 
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(?) UODBL OF NANGAL CANAL EXCLUDER P) 

A complete model of the Nangal Barrage was examined for cmxent direc- 
tion, movement of bed material, and tamp formation a^inst the canal— re- 
lator, as a pre-requisite to the design of the excluder. 

A study of the current directions in a discharge equivalent to 10,000 cusecs 
when the entire supply was going to the canal, showed that flow took plqpe in 
the ri^t half of the rivet. In the lefl; half there was back water. 

It could be concluded feom this study that in order tojjhave the detired 
curvature of flow in the Pocket, the gates on the righi^ should be given 
greater openings, stepping down to the left. Adopting the' above system of 
regulation, discharges equivalent to 20,000 and S0,000 cusecs were examined. 
A photograph of the model is given in Figure 10 C. 3. 


DISCUSSION BY TEE RESEARftH mmmnim 

Mb. Guwa inintroducingitem (1) said that the new supply channel taking 
off ftorn Bhuagoda weir drew in huge quantities of shingle owing to the 
favourable curvature of flow, as a result of this a large sum of monev was spent 
every ym in shoal clearance works. The possibilities of a shingle excluder 
were ^died m a vertically exaggerated part model of the weir and the head 
regulator to scale 1/40 horizontal and 1/24 vertical. 


^ A three timnel shingle excluder (tunnel size 15 feet x 6 feet each) provided 

m bay No. ] of the under sluices proved very effective in preventing the shoaling 
of tae new supply cHanneL 


nofKiw't? mtoduoed items (2) and (3). Abont item 12) he had 

n thmg to say ex^pt the experiments proved that the silt entry into 
the Damodar canal would be reduced by manipulating the gates. ^ 


silt was reonirP<? ‘ ® ^ exclusion of 

4 ^e^found that the entry of silt into the canal in themodei 
was different dependmg on the condition of the model. 

tlie canal got wet tie sand 
g picked up. So also when there was a shower of rainfall before the running 



EXGLUDEFS Am> EJECTOBS 


S65 


of tlie c^al, the amount of silt into the canal was found less. It might be due 
to the kind of sand at the place. Here the sand was micaceous. This w’as not 
noted in the earlier stages. He liked to know the experience of other oflBicers 
in similar experiments. 


Items ( 1) to (0 ) were then introduced by K ao Bahadur Jogjlekar. Speak- 
mg about item (4; he said that under existing conditions, at the entrance of the 
approach cbrnnel, there was a scour-hole 75 feet deep at its maximum, with 
high velocity flow in the middle of the approach channel and return flow along 
the nose and the right bank. Berms which formed due to the slack return flow 
along the riglt bank “ slipped ” into the deep scour-hole, in 1945 and 194$, 
and the Bunder wall and Sukkur road were consequent!} damaged. 

To prevent this, last year’s model experiments showed that the extension 
of the outer bank by about 500 feet ending in a nose with a 5 : 1 slope on the 
approach channel side would be a satisfactory sohxtion. 

It was expected at the time that in addition to the prevention of slips 
the extended outer bank would improve sand exclusion at the nose and at the 
raised sill in the approach channel. 

Under existing conditions, due to the deep scour-hole, the flow d’d not 
follow the right l)ank as it should for optimum sand-exclusion at the raised sill. 
W^ith flared eatr.'^nce and extended nose with flatter slope, there was no appre- 
ciable scour and favourable curvature of flow as desired was produced. 

Exclusion at the nose was nxateiially improved. On the whole excluFion at 
the raised sill was much better than with the existing nose. 

Thus the extension of the outer bank as sreconamended would not only 
prevent slips in the right bank but was expected substantially to improve 
exclusion at the nose and at the raised sill. 

Introducing item (5) he said that since the construction of the approach 
channel, the usual praccice was to carry out the annual scouring operation of 
the right pocket in the middle of September with a maximum pocket discharge 
of 27,000 cusecs and a tail channel discharge of 18,000 cusecs, and canals closed 
in the middle of September. The pocket thus flushed remained clear up to 
the next floods when due to the excess silt charge it got dlted np very 
quickly. Even then a stable channel sufficient in waterway to cmy the pocket 
discharge was maintained ; there was no progressive reduction of area of 
t\e pocket and original bed levels were restored after the scouring operations. 

The barrage authorities, however, desired additional scourmg (operations 
of short durations in June, July and August, with the implied oKject of having a 
reserve for silt deposition on the bed of the pocket which, in their opinion, would 
be otherwise carried into the canals. 
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In the model ohser vations of lines of flow and distribution of seeds (dropped 
upstream of the raised sill) between the tail channel and pocket showed that the 
favourable curvature for sand exclusion at the raised completely 

destroyed and most of the bed material entered the pocket. 

So they concluded that (t) either an increase in the pocket discharge or the 

reversal of pocket to tail (hannel discharge ratio would lead to deterioration 
in sand-exclufflon from theri^t pocket and, (is) scouring operations with canals 
open were underirable. 

Befening to item 6 he said that two alternative derigns, 
mamly in arrangement for tapping water at low river level, were suggested. 

De. TJepaii introduced item -(7) and said that they carried out ejqierimenfe 
to obtain minimum silt entry into the Nar^l power channel. The idea was to 
obtain the minimum silt entry upstream of the regulator and the aligiment of 
regulator with respect to the barrage. Different curvatures which easted on 
the old headworks were tried. The one which existed at Bupar was givmg tns 
best results and that was adopted. They found that concentration of silt was 
moved to the centre of the banage. Theytried several methods and had been 

successM to a certain extent. Further work was in progreas. 

Rai Bahadur C. L. Hahda observed tha!- regarding silt exclusion, that this 
had been a matter that had drawn the attention of a number of en^eex^one 
such was the question of shingle problem on the Nangal Barrage. !were 
the ponding up was considerable. The pond level had risen 26 to 28 feet above 
bed level. Similarly the main headache at Madhopur headworks was about 
shingle exclusion.' The Kangal canal being a hydro-electric canal, one could 
ill-afford to have any shingle in it. Dr. Dppal’s suggestion for Iho exclusion of 
silt should be very important in this connection. 

Mb. Ohotankar said that since this was not a problem of excess ^t 
entering at the head, controllii^ sand entry by regulation would affect the 
repme of the canal downskeam. He enquired whether this had been 
considered. 

Regarding the silt trouble in the Damodar Canal Mr. Ghotankae said 
that he understood it was colloidal silt ; if it was not and if it was micaceous 
and floated, then one could very well allow water from the downstream end, 
and pond it upi That was what they tried in their experiments, 

Ir reply io Mr. Ghotankar Dr. Boss said that the samples were collected 
from the downskeam of the undersluiee gates and as such, could be expected 
to give reliable samples. 

Bao Bahadur Jogihxab referring to item (3) said that it was stated in 
the Bengal Report that alt observations were done downskeam of the river 
and it was found that the silt content downskeam was slightly higher than the 
canal and hence the downstream river silt was considered to be more represen- 
tative of the river. 

Was the increase in silt content downskeam due to increased turbulence? 
If BO, bow could it be represented ? 
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As stated last year in the Bf'njial Report the main tronhle of siltu^ in ths 
cimd was due to sKpping of high bauia and not due to excett entry of send at 
the head. 

Dr. Bose enquired whether ®i!t did not deposit in the proposed water tower 
at .Jamshedpur Power-house. 

Eao Bahadxtr rJoGLEEAs replied that the water tower was proposed to 
be lof’.ited on the outside of a curve where th<* river had always been deep and 
hence there was no danger of bed sand being drawn into the tower. Besides, 
• there was an airangemeut of gak *3 by which only surface water would he 
admitted into the tnwer and even if some silt deposited in the water tower 
arrenaements had already been proposed for scouring away the silt. 

It was decided to keep the subject on the asenda. 

DISCUSBZON BY THB BOARD 

The Secretary said that seven items were discussed at the Research 
Committee meetup 951). There was no resolution. Draft on the pro- 
posed G.B.I. Publication on the subject was still awaited from Dr. TJppaL 

Rai Bahadur 0. L. Hahda observed that when planning hydel channels 
the problem of shingle excluders should receive an importance which could have 
been ignored when only iziigation was the service to be rendered by these 
channels. Krm power, once having been promised to the public, it is impepi* 
tive that earner channels shonld fimetion without any interruption even dnrii^ 
the highest floods. The present practice was to close the canals at head when 
the flood exceeded a certain limit and opportunity wte ti&en to flush the 
pockets. This facility would cease to exist, fri the case of Nangal Canal 
which would have a lake of about 30,000 acre feet at headwmks wi& a depth 
of the pond something like 40 fret the tragh at the head i^nlator of the ci^ 
had been kq>t at 25 fret. He wanted to submit that the problem of shin^ 
excluders should be understood in its im pKrattinrnB. ^t ex<flndera wonld 
be one solution. After that one must be prepared to put in the canal one ehin^e 
extractor which would have certain advantages. The turbines and generations 
would be attacked by silt unless fullest precautions were taken. Hence tiie 
expenditure in power canals would be much more tban in the irrigation canab. 
Again neither the silt excluder nor the ahinglg extractor could solve the prob- 
lem 100%. One must, therefore, be conscious of the limitations of these devices 
and be prepared to do something more. Ror inatATina in the case Ksnf^ 
head regulators with all the above precautions one could not give up the pa^ 
pect of cleataMe of huge amount of conglomeration. Bout months iatenrive 
experimental work had been done at Madhopnr to ^d ont satisfactory solution 
of the shingle problem. He showed three photographs wl^ represented one 
of the latest attempts which Dr. Uppal had worked out. Th^ hoped to provide 
maximum sbii^e exclution by t^ metho<i 
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!&aE Secretary then requested East Fimjab Officers to expedite action 
regarding tHe Central Board of Inigation Pnblication on “ Silt 
and ejectors.” 

Bai Baeadtje G. L. TTa-ktoa said that their Chief Engineers were thinVing 
of sapplementing their staff and he promised to do the best. 

Or. L. TJfbal said that with one ox two extractors at proper places 
it was expected that ail the ^t which was harmM might be extracted. 

Dr. N. E. Bose wanted to know from the electricrd engineers as to what 
size of Ihe particle their macbinery would tolerate. There was no use exclnding • 
ail silt. Certain amomit of silt ^ould go with the water. 

Mr. S. a. Gadeary said that the smaller the aze allowed, the better. 
Even 0*2 mm. would be faixl 7 big. Only that suspended could be allowed.- 
Even ordhuoy sand had det^oratmg effect on hydmulic machinery. 

The Chairmar (Mr. S. A. Qadkary) contanuing said that the size of sand 
or alt allowable depended largely on the head and velodty. If the head and 
• vdodties were small even larger particles did not do much ba,!^. Generally 
all hinds of sand were to be excluded. 

Bai Bahadur C. L. Handa said that in the case of laa^e dams the piob* 
lem did not arise. The low and medium head projects were the real worries. 

Mr. B. L. Narayanar said that it also depended on the abrarive property 
of the sand. Abrarive sands were to be excluded. 

Bai Bahadur G. L. Baeda remarked that sand was usually abrasive. 

Mr. S. N. Gupta brou^t out a problem which confronted them in TJ.P. 
Ganga (hmal at mile 44 above Nirgajni Power-house was trained by three 
spurs on its li^t bank for equitable distribution of silt leading to the twin 
tnxlmies. A vane was also constructed last'year to improve vortffis fonnarion 
in the left machine with a view to restore the original load which had sli^tly 
reduced. It was known after somerime that the blad^ of the left turbine 
were worn out more as compared to previous years. This was attributed to 
the accelerated ohumiug action of more rilt particles now coming into the left 
bay owing to the putting in of the vane. Was this enhanced action on blades 
due to 1^ ? 

The Chairiiar (Mr. S. A. Gadeary) obsmwed that on the face of it the 
tnxlnne was not capable of taking the load it had been designed for. It was not 
anything due to St but ody a mechanical phenomenon. 

Mb. B. L. Narayarar said that it must be due to uneven flow of water 
to tho two turbines that ihey ffid not syndhronise. 



1 1 C. Outlets or Sluices 

ntELZmNABT NOTE 

This subject was introduced for the drst time on the agenda of the Beseazch 
Committee in 1947. The subject has been dealt with eompreheasivc-ly in the 
Punjab Engineering Congress Paper Xo. 264. h} Messrs. Mahbub and Gulhati. 
It is understood that the authors propose to re-publish this work in book form 
and after making considerable additions and modifications to th^ir Punjab 
Engineering Congress Paper. There was no coatributioD or discussion at the 
1947 meeting of the R-seureh Committee und'^r this head. 


THE YEAR'S WORK 

DISCUSSION BY THE SEARCH COHMUTEE 
There was no ooatribation on the subject and no discossioD was held. 

DISCUSSION B7 THE BOARD 

The Secsetabt said that there was no contribution and no disonssion at 
the Research Committee Meeting. 



12C. Other Works 

FRSlJMDtmirOIE 

^ This subject head was introduced in 1947 to facilitate the discussion of the 
design of irrigation works other than those which are included on the agenda as 
separate items. 

following items were discussed at the 1947 Research Committee 
Meeting : — 

(1) Huming the Tungabhadra Low Level Canal between mile 27/4 and 
28/4. 

(2) Reduction of afflux at sluices, culverts and inverted siphons. 

(3) Siphoning of the Cwnbum tank sluices. 

Recent Literature^ 

(1) BhatiaK.M.— Design of oistems downstream of regulators — Central 

Board of Irrigation Journal, Vol. 4, No. 2, April 1947. 

(2) Khangar S.D.— Desi^of siphon on the Thai Canal in the Punjab- 

Central Board, of Irrigation Journal Vol. 3, No. 3, July 1946. 


HE TEAR’S WORK 

The following items were discussed at the 1948 Research Committee 
Meeting : — 

(1) Experiments to test the suitability of the position of the lock span 
proposed in the Sind design. 

(2) Proposal for a combined road and rail bridge over the river Gangs 
at Patna or Mokameh Ghat. 

(3) The Hagari Aqued»^-^t for the Tungabhadra Canal. 


(1) EXPBEIMBNTS TO iEST THE STJETABIUTY OP THE POSITION 
OF THE LOGS SPAN PROPOSED IN THE SIND D£SIGN(^) 

It is contemplated in the design of the Lower Sind Barrage to site the 
lock span just ov^gide the left pocket divide wall with a Pender Lock wall 
210 upstream of the weir ; the length being fixed ftom the considerarion of 
the biggest craft that is likely to use the lock. Length of the biggest craft is 
assumed to be 200 feet and an extra 10 feet is provided in the length of the 
approach or Pender Lock wall, 


NaTigation Research Station, Poona, Annual Report 
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(2) Experiments were earned ont in the 1/250 : 1/50 verricallj-ezagge 
lated model 'with the proposed position and axcai^ement of the lock : — 

(а) To test the suitabilily of the position proposed in the design ; or 

otherwise to determine the best location of the look span from - 
the point of view of affording a safe approach ; and 

(б) To determine the optimnm length of the approach wall from the 

point of view of least suction- caused b 7 the adjacent river spans, 
drawing the craft towards them during floods. 

(3) hbEperiments revealed the unmitabilky of the proposed position firom 
the foHowiug points of view 

(a) Due to curved, and persistentlj turbulent flow, assodated with tire 

diving flow at the nose of the left pocket difride wall, this petition 
lefl; much to be detired in respect of satisfactory and safe approach 
conditions. 

(b) Even if there were perfect conditions ofparallel flow, the velocity of 

10 feet per second to 12 feet per second (or sometimes even more) 
in this zone would certainly make the berthing of a vessel along 
the approach quay to the lock in this position a difficult task, and 
one of contidetable risk both to the vessel as well as to the quay. 

(c) Though the Fender Lock produced the detired effect of creatii^ 

slacker water irithin the area bounded by it and the left pocket 
divide wall, a ship model showed that the manoeuvring of the 
vessel would still be difficult, even after it crossed the first hurdle 
at the nose of the left pocket divide wall, in view of the 
secondary turbulent region farmed just outside the nose of the 
Fender walk 

(d) A number of tests were also carried out with this Fender waQ varying 

in length from 150 fset to 400 feet ; but neither a short nor a long 
wall could rednoe the hazards of turbulawe. 

(4) At this stage, ihe following aUemative positioDS for the lock ware 
oontidered 


As there is only one canal on the right bank the lock could be constructed 
in it with two approach channels, one to the upstream and the other to the 
downstream tide of the barrage, 'with the following postibk advantages 

(a) Economically, the cost of the approaches might be more than ofGset 

against the cost of the Fender wall and much lower costs of lock 
gates, lo<& bridge, etc. ; 

(b) Hydraulically, it would avoid the hazards of turbulent and diving 

flow and sford easy and safe approach conditions for vessels ; it 
would also largely be unaffected by the operation of the Barrage 
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The fonowing disadvantages, however, more than connterwei^ed the 
advantages: — 

(i) this anangement would interfere with the operation of the nawal 
based on considerations of irrigation demand ; the excessive heading- 
up, caused in the head reach above the hist cross regulator, at 
periods when the canal would be running with a low capacity factor, 
would lead to periodic silting in this reach ,* ' 

(tt) and it is also likely that the li^t arm channel may build up its 
bed and may not provide suffident draft at the entrace and/or 
exit of the approach channels linlnTig the lock to the river. 

The second proposal was to site the lock at the extreme -rigbt. end of the 
left arm barrage to take advantage of the Central Island as an approach quay 
for the vessels. 

But this position was also ruled out after model tests for the following 
reasons:— 

(t) it would have nmde the approach conditions even more difficult 
than if located just outside the pocket, due to greater turbulence 
and bi^er velodty along the abanlr of the island ; 

(m) there would also be less draft available on the downstream side 
of the lock as it lies on the iKinvex, and so the sanding, side of 
the curve in the left am channel ; and 

(»w) it wotdd have been hazardous to manoeuvre the crafts along the 
submerged slopes of the left arm shank of the Central Tflland, 

The tiiizd and bea alternative rite considered was just inside the left pocket 
haring the foEowing merits ; 

(») as the discharge in the pocket is limited, the mariTnnTn velocity is 
never Hkely to ^ceed five feet per second (and under ‘ still 
pond ’ up to river diBclu^e=462,000 cuseos, only 2-82 feet per 
second) with the regulation phases recommended and so would 
never be subjected to such turbulenoe as would be objectionable 
to the safe manoeuvring of ships ; 

(») wHle working the diip modd, it was observed that there is ho 
draw <rf current away from the divide waE in its ridnity, thereby 
ptodn(ung unfavourable conditions for berthing a vessel alor^side 
of it ; besides there is likely to be a deep water channel from the 
left guide bmik, upstream of the pocketj to the divide wall nose ; 

(t») it would also enable handling a Large volume of traffic at a time, 
due to suffident q)ace bdzg available inside the pocket ; 

(w) the twist and scour at the nose of the Fender look wall could also 
paxtiy aid exdution of 'sand rolling along the narrow strip besides 
the pocket divide walk 



ODSEB WOBES 


9T3 


JkJl doubts whether the requisite draft will still be available in case the 
pocket gets badly silted along the divide wall, as in the case of the left • pocket 
of the Sukkui Barrage, were disproved by rigorous model tests made for Ihis 
purpose. These tests showed that, under the worst conditions, sufficient 
depth would still be maintained to give the required draft and scouring opera- 
tions could quickly and efficiently increase depths, if and when necessary. 

An appreciable reduction in silting of the left pocket of the Sukkur Barrage, 
since it has been run under “ semi-open ” flow conditions, for discharges 
higher than 350,000 cusecs, is convincing of the superiority of the “ semi-open ” 
flow recommended ; if similar regulation is enforced, there will be no excessive 
silting in the left pocket at the Eotri Barrage. 

Moreover, the three left bank canals at Sukkur, nearest to the barrage 
line, {i.e., Khairpur Feeder East, Khairpur Feeder West and the Eastern ITara 
Canal), drawing a maximum aggregate discharge of 16,000 cusecs, are accom- 
modated in a width of 750 feet along the Head Regulator face line, as a result 
of which the mean velocity in the zone of the left pocket contributing this 
discharge to these three canals is hardly more than 1*25 feet per second against 
three feet per second in the case of the Pinyari Feeder of the Kotri Barrage 
drawing 20,600 cusecs and accommodated in a restricted width of hardly 314 
feet. Thus, the higher velocity obtainable in the Eotri Barrage design will 
always maintain a TninimnTn deptix of 11 feet (against three feet in the Sukkur 

Y 

Barrage) below the pond level, based on consdderations in these zones. 

One series of experiments were aimed at working out the discharge that 
can be boosted in the pocket and pushed through the lock approach channel 
to keep it dear of silt, with the optimum permissible opening of the lock span 
gate, without vitiating the sand exdusion from the pocket or affecting the 
regulation phases. 

After dedding upon the best petition of the lock, experiments were carried 
out for determining the optimum length of the approach or F^der wall with 

following main contidezations in view ; 

(а) to avoid danger to the crafts by the suction caused by adjacent 
spans; and 

(б) to provide satisfactory approach conditions by ensuring sufficient 

draft at the entrance to and in the Approach. 

As the pocket gates adjacent to the lock q>an will not he kept open to 
the aa.Tnft extent as the barrage gates, suction effect was hardly observed to 
extend 100 feet upstream of the weir line and thus did not influence the length 
of the approach waU. 

For consideration (b) above, four different lengths55337 feet, 275 feet, 
230 feet mid 210 feet upstream of the weir, were tested in the model After 
ruiuung rismg and falling cycles with the optimum permlstihle openings of the 
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lock span and -witili siliang in the dead water region of the left pocket artificially 
reprodncedrightuptothepondlevel(i.e.,tKe«!orsihypothesis)— it was observ- 
ed that the loiter wall was better than the shorter waU for the purpose of deal- 
ing the silt ftom, and in front of, the look Approach Channel Table 12 C. 1. 

TABLE 12 C. 1 


LengOi of fbe Fender vail 
(feet) 

Mmimnm K. L. down to which sand was sconred 
in front of the wall 

337 •• •• •• 

E* L. 60-0 

275 

E, L. 63 0 

230 •• *• •• •• 

E. L. 56-0 

210 •• •• •• •• 

E. L. 60-0 


Had it not been for the diving mid-depth flow at the nose of the pocket 
divide wall estendmg 150 feet below it — ^under the worst conditions of the 
regulation— the longest lock wall wonld have been, therefore, preferred. With 
the lodr wall 337 feet in length, the noses of the two walls will be 293 feet apart 
and crafts would have steady water for a length of hardly 143 feet (obtained 
by deducting 150 feet from 293 feet ) ; which is less than the length of the biggest 
craft (200 feet) likely to use the lock. For satisfactory approach conditions 
there must remain a distance of at least 200 feet— preferably 260 feet — essential 
to avoid vessels bemg directly drawn to, and impinging agmnst the nose of 
the lock wall To meet this requirement, the Approach wall would have to 
be not more than 230 feet long. 

LENGTH OF DOMTliSTBEAH LOOK WALL 

In the Project design, the downstream lock wall is proposed to be 290 feet 
in length measured from the wmr crest, the length being fixed by the maximum 
length of the craft and the minimum additional distance required for operating 
the flap gates of the lock. 

Model experiments showed that this length was suitable ftom the point 
view of approach and exit to the lock as the nose of the downstream divide 
■ wall of the left pocket, i.e. the point of the maximum turbulence, is sufficiently 
away (by about 155 feet) from the nose of the downstream lock wall. 

The maximum draft of 10 feet required for the craft is also likely to he 
insured by the regulation of the lock sptm. 

Hence, the length of the downstream lock wall as contemplated in the 
dedgn may he retained. 

RECOHUENDATIONS 

(1) The lock should be constructed in the left pocket, i,e., immediately 
to the left of the left pocket divide waU. 
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(i) The length of the upstream Fender Lock wall should be 230 feet. 

(S) The left pocket divide wall should be used as the approach to enter 
the lock with bollards fitted to it at intervals of 100 feet from the upstream end 
of the lock. 

(4:) Through the lock span and spans adjacent to it suppKos available 
ow*irg to the difference between the actual and capacity discharge drawn by 
the canals should be utilized to minimize sanding of the lock span. 

(5) The left pocket gates may be kept three feet higher than the other 
barrage gates (instead of 2 feet previously re 3 f»mmended) to enable flushing of 
of the lock span. 

(6) The length of the downstream lock wall may be kept 290 feet as 
contemplated in the design. 


(8) PEOPOSALFORACOMBIKED ROAJD ARD BAJL BBIECF 0\ER 
TBE BlVEBOAfiTOA AT PATNA OR MOKAUEH GHAT (^) 

IHTRODUCnON 

The relevant portions of the 1947 Report by Sir. Fenton on the proposal 
for the construction of a combined road and rail bridge over the*<3anga river 
were forwarded to the Director for his opinion. The resui'^’s of Mr. Fenton^s 
investigations showtd that of the two altt rnative sit^s — Patna and Mokameh — 
the Patna site, at the present time and in the near future, is unfavourable from 
an ongii.eering point of view. On the other hand, it was stated that the Govern- 
ment of Bihar is extremely keen on the proponed bridg* being lx5ated 
at Patna and it is probable that even if tho cost of the bridge at Patna were 
appreciably greater than one at Mokameh, the Patna site would be the one 
decided upon. 

STATlOir R£CK>MHENl)ATIONS 

These were made, as desired, by way cf replies to the queries raised by 
Mr. Fentcn, the Author of the Report, as mentioned be^ow. 

Question 1 (a) Do you agree with the conclusions in the Report that a bridga at 
Patna at the pros^ant time or in the immediate future is not a 
feasible engineering undertaking ? 


th) Is it your view that by conducting model experiments vital 
infoimation, not apparent in the course of ordinary fnvsstigationB 
may be obtained and a clearer picture of the worthiness or other- 
wise of the site produced ? 

These two questions were answered simultaneously. 

(*) Central Waterways, Irrigation and Kav^iga^ion Stibtion. Poona, Annual 

Report, Technical, 1947, pages 203—318, 

M310BI 
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It i^as mentioned tliat though, prmafade, Mokameh site is better, the 
existing river conditions at Petna with suitable traming measures do not 
sommarily preclude the practicability of a bridge in ^his vicinity. 

Observations in the model in respect of velocities, flow lines, velocity and 
discharge distribution, formation of shoals, scour and tendency of the river 
to stabilise or wander, are useful for the design of guide bunds and for deciding 
the relative merits and demerits of various sites. 

If the bridge muc.i be constructed at Patna, it was considered that the 
alternative alignment half a mile upstream of the project alignmAnt — subject 
to verification on a model— appeared superior from various considerations 
elucidated in the UTote. 

Question 2 (a) Do you agree that the site suggested for a bridge at 
Uokam^ is one oftering the security with which the Beport credits it } 

(b) Do you consider that any model ezperimects are necessary to 
support or modiib' the conclusions of the Eeperts in this respect 1 

Except that the south bant is apparently not so ‘ worthy ’ as at Patna, it 
was agreed that the site suggested for a bridge at Mokameh offmH reasonable 
security. 

Though it is desirable that the construction of the bridge should be ex- 
pedited, it was considered that the model investigations must precede the 
construction as they will provide invaluable indications useful in the design 
of bridge details. 

Qttestion 3. If your reply to Question 1(a) above is to the effect that 
in your view the Patna site is not to be ruled out court bat is one 
whi^ offers the possibility of a reasonably secure birdge, how will 
you compare its worthinem and secnxity with those of the suggest- 
ed bridge at the iWnirfl.inf^ site I 

Certain objections to the Patna site, as detailed in the ‘ Note ’ were admit- 
ted. On the other hand, the Mokameh site -was accepted to possess equally 
obvious merits emphasized in the * Eeport 

Thon^ Mokameh site was thus accepted as sf cure, it was made clear that 
it WM impossible to be unequivocal and reject Patna site without model 
experiments. Even if Mokameh site is exclusively selected, it was emphasized 
that model experiments would give greater confidence in the choice made. 
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Question 4. Do yea i^iee witb those matters idating to scoor, depth 
c! foondatipns, dos^ of training bunds etc., dealt within the 
report, inrespectof both the altecnatiTO sites— Patna andUokameh, 
or do yon consider that they need modificatwns in any naspoct ? 

(i) Site : 

As menticned above, it was stated that model osperiments were desirable 
to determine the precise local position of the alignment at Mokameh or 
Patna. 

In the case of Mokameh site, the Project alignment appeared acceptable ; 
omission of artificial protection to the south bank (as suggested in the Beport) 
was also acceptable unless experiments or subsequent experience warrant its 
necessitv. 

(ii) Peak Discharges : 

It was pointed out that extrapolation beyond the limited range of measured' 
data is undependable. In the Beport' extrapolation was made much beyond the 
discharges actually observed. 

Secondly, the coefficient of 0-85 used in the Beport, for coverting the 
surface velocity to mean velocity along the vertical is not a fixed constant, 
especially in curved flow, and is generally of the order of 0*89. 

These errors being counterading, the peak discharges were provisionally 
accepted pending further measuremoats. 

(iii) Waterway : 

In the Bepori-, the waterway was calculated c.ccording to the Lacey for- 
mula Pf^B2*667 0^’ and in arriving a^ the number of spans an amount equal 

to twice the width of the wells was deducted from the distance between centres 
of piers to obtaia the effective waterway pet span as is recommended by Lacey. 
An allowance of about 10% over Lacey width was thus provided when the 
effective waterway was worked out. This waterway thus appeared to be 
adequate when considered together with the divergence of shape from Lacey. 

(iy) Scour aod depth of piers, scour at shanks and heads of guide bunds : 

Maximum probable depths of scour at the heads and shanks of guide bund 
were calculated in addition to scour depths at piers worked out in the Beport 
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(v) Grip of Pkr foundatioiis : 

With maximtun scoiir=2J? (Lacoy) and a grip leiigth=5, the depths of 
foundations obtained were practically the same as afisomed in the Eeport 
(based on Gale’s grip) and hence were recommended for adoption. 

It was further su^ested that the depth of pier foundation for each pier 
should be v crktd out separately for the value of appropriate to the pier. 

It' was also agreed that no pitching is necessary round the piers provided 
sufficient grip is insured. 

(ri) Training woiIes : 

It was stated that it is extremely difficult and costly to protect guide bunds 
with falling aprons when the sand bank contains interspersed layers of clay- 
in such cases, it is better to construct a new sand bank and pitch it with stone’ 

For determining the lengths of guide banks, it was opined that mode^ ■ 
experiments would be necessary. 


Fadius of the nose of the guide banks adopted in the [Report was, it was 
observed, smaller than recommended by Gale and hence full apron protection 
was recommended. 


(vii) Piers ; 

It was s^gested tliat cut-and ease-waters of the semi-circular type should 
extend sufficiently above the high flood level. 

(viii) Provision ^aJsst eaithquake : 

Being in an area of oonsiderablo seismic activity, bridge piers were re- 
commended to be designed against horizontal forces due to acceleration of at 
least 5/5 m combination with longitudinal forces resulting &om breaking 
and traction. 


Question 6. Have you any other general criticisms or ""gge stfonfi to • 

offer in respect of any of the alove ieetos or any oilier that may 
occur to you 1 


, suchaspost-bridge action of the river on the south bank 

In the final Mr. Fenton has offered remarks on the above points raised 

by the Duwtor. With a viewto present a comprehensive picture, Ifc. Fenton’s 

renaarks and tne Director s rejoinders thereto are given in the * Note * 

Further examiMtion of the data as well as remarks by Mr. Lacey will be 
\uidertaken at the time of the model experiments* 
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(3) THE HA6ABI AQUEDUCTT FOB THE TXnfGAEHADBA CAIfAL (®) 

Studies made during 194-6 on a model 1/400x1/100 of the river Hagari 
with the proposed aqueduct to study the scours round piers, were described 
in the annual report for that year. As stated therein further experiments were 
continued on tlie model after introducing certain modificatioi;s resulting 
from changes in def ign. 


MODEL 

The model was exactly the same as described in the prerious report except 
in regard to the details of the aqueduct : this was now made of 56 spans of 35 
feet each. Experimental operations A\ero also similar. 

EXPERIMENTS 

The main experiments made on the previous model were repeated and the 
concentration of scour at tho left abutment was observed to be persisting. 
Qualitative testa made by shifting the abutments or by providing additional 
water way through the left side embankment did not prove encouraging. Finally, 
therefore the flood bank proposed by the Executive Engineer, Hagari 
Division, was introduced and its effect tested. It was found to be effective and 
the addition of a training hutid downstream indicated further improvement. 
A study of these scour contours resulting from a one hour run with each cf 
these tvo designs in comparison with the contour'^ obtained in the previous 
experiments showed that concentration of flow and consequent scours at left 
abutment could very much bo reduced by the arrangement now proposed. 

OOHCLUSKW 

# 

A low flood bank along the left margin and oonnkrtmg the left abutment 
to high ground about feur furlongs higher up will prevent lateral flow and 
eddying at tho abutment which would cause deep scours at the abutment. 
An extension of this flood bank by about 400 feet downstream in the form of ® 
training hund will further improve the low pattern. 


SISCUSSIOS BY THE BESEABCH COHMITTGE 

* Mr. C. V. Gole introduced item (1) and said that experiments for testiiig 
the practicability of the position of the Lock-span proposed by Sind, just out 
side the left pocket divide wall, were carried out in the 1/250 : 1/50 V .E. rmnlel 


(•) Irrigation ReHearch *^tation, Madnw, Annual WT, 10. 


980 


the ceotkai- boabd of iebigation annual bepoet 1948 


with the length of the Feuder wall=210 feet. It was observed that Lock span 
located outside the divide wall could not provide workable conditions required 
for safe approach by vessels owing to the curved, diving, persistently turbulent 
flow at the noses of the left pocket divide wall and the Fender wall. He 
ejcplained the different positions tried in experiments, 

Bao Bahadub D. V. JoaLEKAB iulroduced item (2). 

Mb. T. P. Ktjttummtj introduced item (3). 

Db. N. K, Bose referring to item (1) enquired whether there would not he 
turbulence at the nose of the divide wall. 

Mr. C. V. Gole replied that the pocket was regulated under still-pond 
conditions for discharges upto 300,000 cusecs. For discharges above 300,000 
cuseos there would be restricted semi -open flow. The velocity in the pocket 
would not be mi le than five feet per second and the ships could easily ap- 
proach along the left guide hank into the pocket and then enter the lock 
without any trouble. 

It was decided that the subject should i^ain on the agenda. 


DISCUSSION BT TBE BOABD 

The Seosetaby said that three items were discussed at the Beseatch 
Pnmmittee meeting (page 9?0). There was no resolution. 



!3C. Staunching of Canals and 
Embankments 

FBEUMINABY NOTE 

In 1945 it was decided to issne a Board publication on the subject 
“ Staunching of Canals 

In 1946 meeting the Board accepted the recommendations of the Research 
Committee and changed the title of the subject iiom “ Staunching of Canals ” 
to '* Seepage Losses &om canals and their prevention ” with the following 
sob-heads : — 

(»} Seepage Losses from canals 

(tt) Staunching of canals 

(Hi) Economics of lining 

In 1947, the subject ‘ Seepage Losses ficom canals and their prev^tion ’ 
was divided into two parts. Staunching of canals and Embankments and 
Seepage Losses. The ktter is now included under Section A— Hydrology, 
item 5, ‘ Regeneration and Losses ’. 

Under ' Staunching of canals and embankments ’ two sub-beads were 
approved, 

(») Materials (n) Economics. 

(i) MATERIALS 

PBELZMINABT NOTE 

At its 1947 innnal meetup held in December 1947, the Board passed the 
following resolution : — 

“ In view of the necessity of providing protection to the water face of 
earthen dams and embankments against wave wash, the Board 
resolf ed that experiments be undertaken on field scale with regard 
to the use of various materials for the purpose including (a) graded 
and treated soils, (5) Suri^i concrete and (c) Cement concrete. 

Resolved farther that investigatioas be undertaken also to evolve 
suitable methods for protectiou against wave wasL ” 

^Please see Preliminaxy Note on '^Eegeneration and Losses” item 5 , Section 
A— Hydrology. 
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The following items were discussed at the 3947 Eesearoh Connuittee 
Meeting : — 

(1) Staunching of canals (the use of war soil). 

(2) Experiments on staunching of canals with surlchi mortar. 

Beoeid IMerature. 

(1) Yeung W.R.—I 1 OW cost linings for irrigation canals— Indian Concrete 
Journal, Yol. 21, No. 10, October 

{2} Lauxitzen C. W. and Israelsen 0. W.— Wests Cbnal lining studies— 
Western Construction News, Vol. 22, No. 6, May 1947. 

(3) Elfman, S., Civil EnginflCT, The St^^to IWor Board, Sweden.— Stop- 
ping seepage in the gravel esker at Namforsen— International Commissi^ 
on Large Dams, Third Congress, Stockholm, 1918, E 19. • 

THE YEAR’S WORK 

The following items were discu'^»edat the 1948 Ee’earch Committee 
Meeting: - 

(1) Tests on materials for staunching of canals and embankments 

(2) Staunching of the Godavari left bank camd, 

(3) Experiments continued with staunching of canals with surkU 
mortar. 

(1) TESTS ON BE&TEBIALS FORSTATCCBIKG CF CANALS AND 

EMBANKMENTS (^) 

ABSTRACT 

Tho various types of materials ttsted for thoir suitability for litvifig 
are given below 

(i) Bitumen m* Tar-Mpiegnatcd fabrics. 

(fi) Sbi^soil i^bilizer. 

(m) Son cemmit mix. 

(iv) Son sand canent mix. 

The natum <A tests performed on a small scalo in the laboratory undec 
igidly coitro'led conditions are : — 

(a) deter^nation cS. seop^e losses through tho lining nnfler tHefarmit 
conditioas of tempsatnie and head dE water, (b) deterfocation nnder 
wet and dry conditions, ( 0 ) eceffleient of ^pansion with respect to 
temperature mid moisture. 

AmateiMnot yieldiiigsatidact(ay results in any one of the above mentioned 
ste consid^ unsuitable lor lining purposes. H, however, it stmids all 
!cn tests m the laboratory, it is to be zetostod on a larger scale under field 
n^ons, 

IirigatioM Research Institute, Amritsar, Annual Report 1947, 
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BirUMEN mPBEGNATED FABBIGS 

It is generally a jute fobtic impregnated with relatively soft low-Eoftening- 
point bitumen and coated with bard bigb-softening-point biWmen on both sides. 
It was originally designed for surfacing runways and taxiways. Sucb fabrics 
arc usually called F.B.S., wbicb is tbe abbreviation for Prefabricated Bitumen 
Surfacing. They were supplied by Burmab Sbell, Bitumen Department, 
Calcutta, for testing them for tbeir suitabibty as a canal lining in its present 
form. 

Tbe tar impregnated fabric is a similar product, tbe impregnating material 
being Tar instead. It was 8u;pp1ied by ‘ Sbabmar Tar Products Co., Ltd.’ 

SEEPAGB TESTS 

Tbe details of tbe experimental tocbnique and procedure are given in tbe 
Annual Report of tbe Punjab Irrigation Research Institute Lahore for tbe 
year ending April 1943. After some experience it was, however, realised 
that the apparatus emptoyed for this purpose .uffered from tbe followii-g two 
drawbacks — 

(1) Although at tbe outset tbe test piece was invariably fitted leaktigbt, 
yet it was often observed that it did not remain as sucb when sub- 
jected to 10. feet or higher beads of water. The water leaking 
through tbe jointing space would get mixed up with the water 
seeping through the body of tbe fabric. The estimation of seepage 
logses was thereby rendered inaccurate. 

(2) Tbe sand column, on which tbe test piece was resting, was usually 

kept in an unsaturated condition. As tbe seepage water had to 
percolate through it before it could be collected and measured 
a portion of it would get absorbed by the sand particles. The 
re^ts thus obtained could scarcely be relied upon especially when 
• the seepage losses were low.- 


The first source of error was eluninated by equipping it with a device by 
which leakage water, if any, is not allowed to mix up with seepage water. It 
consists of a cylindcrical vessel Laving its diameter slightly less than that of the 
opening of the tank andfittedwithasidetubeforcollectionof seepage water. 
Coarse sand is packed in this vessel as well as in the ^ace enclosed between it 
and the tank. Thus water derived from two different sources could be collected 
separately. 

The second defect could be removed by keeping the outlet point meant 
for collection of seepage wattj at a level flush 'with the surface of the sand 
column. The entice sand column could thus be kept saturated and the seepage 
water could no longer get absorbed by the sand particles. The diagrammatic 
sketch of the improved device is given in Figure 13 C.-l. 
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Two samples cf Buimali Shell and eleven of Shalimar have been tested fo 
seepage losses in addition to those described in the previous report. At leas 
two pieces of each specimen were tried and the average value of losses obtained 
The results are given in Table 13 C. 1. 


TABLE 13 0.1 


Serial 

No. 

Number of sample 

Name of supplying 
company 

Head of 
water in 
feet 

Seepage in ousecs 
per 106 square feet. 

1 

Ml 

Bumah Shell 

16 

1--2 

2 

M2 

Bitumen Department 

15 

1*5 

3 

410a 

.. 

20 

No seepage 

A 

4106 

• - 

20 

Do. 

5 

4110 

Shalimar 

20 

Do. 

6 

4111 

Tar 

20 

Do. 

7 

TM/OAN .. .. ] 

Products 

20 

Do. 

8 

"mfSESS .. .. ! 

limited 

10 

Excessive seepage. 

9 

TM/TWI. .. 


10 

Seepage. 

10 

a/TM/CAN/D 


20 

No seepage. 

11 

S/TM/CAN/S 


10 

High seepage. 

12 

TM/OAK/D .. 


9 

20-2. 

J3 

TM/TWM. .. 

•• 

9 

Excessive seepage. 


Out of the lot of 13 samples, only six which have stood the seepage test 
were subjected to other tests. 


DEISPOBATION TESTS 

The deterioration of the fabrics was examined in two ways, {a) by keeping 
the test pieces immersed in water for about six months or so and retesting for 
seepage losses similarly and (6) by keeping them in the open, fully exposed to 
the atmospheric conditions, for months on, and studying the condition of the 
impregnated material, regarding (i) softening at hi^ temperature, (ii) crack- 
ing at low temperature, and {iii^ disintegration with lapse of time. As it also 
rained twice during the observation period, the fabrics were also subjected 
to alternate cenditions of wetting and drying, 

(o) (Wyfive ^ples,ms.,-41^^ 4106, 411a and 4115 and TM/CAN 
which stood 4»he initial seepage test were further examined fer a CT-milsiT test 
after six months’ immersion period. Again no seepage was found to occur 
through them even at a 20 feet head of water at 32® C kept for a fortnight. 
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(6) When kept in the open, all of them were found to soften at about 62° 
0 to 67° C. Sweating at the under surface was particularly noticeable. No 
cracking occurred at low temperatures in any case. After the expiry of four 
months no signs of disintegraticn were perceptible, though the colour of the 
fabric changed in every case. 

EFFECT OF MOISTTIRE ON THE DIMENSIONS OF THE FABRIC 

The description of the apparatus and experimental procedure adopted for 
this problem is given in the annual report of the Punjab Irrigation Research 
Institute Lahore for 1946 (page 37, ’Eig, 65). 

The experimental results are given in Table 13 C. 2. 


TABLE 13 0.2. 


Serial 

No. 

No. of the sample 

Name of supplying 
company 

% linear 
variation 

Nature of variation | 

1 

410a ' 

• • 

0*42 

Contraction. 

2 

4106 

Shalimar . . 

0-40 

Do. 

3 

4Ua 

Tar 

0-42 

Do. 

4 

4116 

Products . . 

0-37 

Do. 

5 

TM/OAN .. 

Xiimited 

0*39 

Do. 

' 6 

CaAvas Timmpregiiated 

•• 

3*6 

Bo. 1 


Prom the results it is clear that though the tar impregnation has reduced 
the co-efficient pf expansion to about one tenth of that of the untreated fabric, 
still it is considerable as compared with that of other linings. 


Again while conducting experiments in winter it was found to suffer from 
another drawback. As th<' fabrics were supplied to us in rolls, scy naturally 
they would get curved at many place s along the length. A test piece had to be 
kept under pressure for a suitable period in order to straighten it. On dipping 
it in water it would slowly develop that curvature again. This difficulty was 
encountered only in win^’er, not in summer. This is a serious drawback, as it 
would not be easy to manipulate such a material in the field, especially in the 
winter season. 

SOILw-SHELL SOIL STABILIZER MIX 

A material, called Shell soil stabilizer, was supplied by Burmah Shell, 
Bitumen Department, Co. It has been utilised for consolidating bases of 
nmways during the war. It is a viscous substance obtained by dissolving a 
bituminous material in some oily solvent. 

’ A method for preparing the mix had to be developed. After some prelimi- 
nary attemps it was found that the zna^'erial did not mis: well with a dry soH. 

quantity of water, which should be added to the soil, for obtaining u^orm 
distribution of the stabilizer, turned out to be about 20% of the soil by weight 
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Preparation of the nm . — ^The soil to be used was air dried, coarsely powdered 
sieved through a one cm mesh-width sieve and placed in a miziug tray. The 
requisite amount of moisture was addl'd and thoiou^y mized. Finally the 
required amount of the stabilizer was added and mized up. The mizture 
was allowed to dry up, as it could not be compacted to optimum density at this 
moisture content. As the optimum moisture was attained, a pori-ion of the 
stuff was spread uniformly over the inverted filter contained in the lining tank to 
a thickness of two inches. Thus the lining block was constructed to the requir- 
ed thickness and allowed to cure properly beforu subjecting it to any head of 
water. 

SEEPAGE mis 

The details of the ezperimental procedure employed for such ksts have 
already been given in the Punjab Irrigation Research Institute, Lahore, Report 
1943, page 29, Fig. 11. 3. The ezperiment^ technique used before, being de- 
fective in certain respects, had, however, to be improved upon. The sketch 
of the improved device is given in Figure 13 C. 2. 
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The results of experimentation are given m table 13 0. 3. 
TABLE 13 C. 3 


Serial No. 

€!ompo3ition of the 
mix, by weight. 
Soil : Stabilizer. 

Cross-sectional 
dimexxsioDs of the 
block 

Thickness 
of the 
block 
in 

inches 

Optimum 
D. B. 
density 
(C. G. S. 
units). 

Head of 
water 
in feet 

Seepage 
per million 
sq. feet 
(in cnsccs) 

I 

100 : ^ 

36 inches diameter 

* 

6 . 

1*65 

20 

0-4 

2 

100 : 

36 inches X 13 inches 

4 

1*64 

15 

0-8 

3 

100 5 

Do. 

4 

1‘63 

16 

1 

1 

1*1 

4 

100 : 5 

Do. 

3 

1*63 

15 

11 


After about a month a sudden increase in the seepage losses was observed, 
indicating there the setting in of thv. deterioration of the lining. On opening 
the tank the lining wae found to have softened and growth of moss was per- 
ceptible in certain patches. These tests indicated that this type, though more 
costly, was decidedly inferior to the soil-coment mix. 

SOIL CEMENT MIX 

Preparation of the Mix . — ^After some preliminary attempts the following 
procedure was adopted. The soil was dug, air-dried, coarsely powdered and 
sieved through 1 cm. mesh sieve. The optimum moisture ccntent of the 
soil cement mixture of varying composition was determined. The materials 
composing the mix, viz,, soil and cement were taken, measured for correct 
proportioning, placed in a mixing tray and mixed to a uniform colour by turning 
with square-pomted shovels. The requisite amount of water viz., optimum 
moisture content was added and turned by shovels so £ s to get a fairly imi^brm 
moisture content throughout the mass of the mix. The mixture thus obtained 
was spread uniformly over the inverted filter to a thickness of about two 
inches and compacted by moans of rammers to optimum density. Thus the 
liniug slabs were constnxcted to the required thickness and allowed to cure 
properly for about four weeks, when they were subjected to a hydraulic head, 
which was increased in steps gradually ftom 1 foct to 20 feet, 

SEEPAGE TESTS 

In case of lining types, not investigated till then, it wa? difiioult to foresee 
• their behaviour with respect to seepage losses etc., and it was considered expe- 
dient, keeping in view saving of both time and money, to prform the perelimi- 
nary tests on a smaller scale. An attempt to devise an appj^ratUS for this 
pose met with success, The sketch is given m Figure 130, 3, 
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It consists of three main parts : — 

(1) A cast iron cylinder AB is divided into two compartments and pro- 

vided with a flange at the top. The side tubes S and L com- 
municate with the inner and outer compartments respectively. 

(2) The cylinder’ CD is provided with flanges at both ends. It is fitted 

on to AB by means of a system of nuts and bolts with a rubber 
padding in between the flanges to make it leak-tight. 

(3) The lid P has a cast-in flange and a central hole to be closed by a 

rubber cork containing two openings, one for insertion of a ther- 
mometer and the other for communicating with a head of water. 


EXPERIMENTAL PROCEDURE 

Both the iimer and outer compartments of AB are packed with coarse 
sand, (the grade of sand in the outer one being one somewhat coarser) to a level 
nearly half an inch below the top edges of AB. The test specimen is construct- 
ed in situ m the cylinder CD on the sand base provided in AB. As the see- 
page tests are also to be conducted at higher hydraulic heads, say 20 feet or 
more, it is quite necessary that the cylindmrs and the lid be fitted up perfect-ly 
leak-tight. 

The water leaking through the space lying along the surface of contact of 
the cylinder and the test sample is collected in the outer compartment of AB 
and escaped from the side tube L, while water seeping through the lining 
gathers in the inner compartment. In this way the error arising from the 
mixing up of the two kinds of water is eliminated. Having cured the lining 
block fox about four weeks the experimental vessel is filled with water, closed, 
leak-tight and subjected to a hydraulic head varying from one inch to 20 feet in 
steps. It is kept at a parricular pressure for at least one week to study 
the effect of time factor on the seepage losses. The result» for soil-cemmit 
mixes varying in composition, thickness, and dry bulk density examined for 
initial seepage losses, are given in Tables 13 C. 4 to 13 C. 7. 


TABLE 13 C-4 

1st set— The day content of the soil used was about 13 per cent. 


Ckwoctposition of tlie 

Thicktvess 

I : 
I 

Optimum 

Head of 

Seepage in 

mixture 

of the 

1 M. 


water ' 

cusecs per 10® 

Soil 1 Ce-nent 

block in 
inches | 

contenb 


in feet 

square feet 








graduated 



Figure 13C.3> Showing permeability testing apparatus Figure 1 3C.4:-S/iowr/ng coefficient of 

expansion apparatus 
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TABLE 13 C, 6 


iml sd—The day content of (he sod loas about 16 per cent. 


Serial No. 

Oomposition of the 
mixture 

Thickness 
of the 
block in 
inches 

Optimum 

M. 

content 

Optimum 

D.B.D. 

Head of 
water 
in feet 

Seepage in 
cusecs per 10* 
square feet 

Soil 

Cement 

1 

100 

S 

4 

15% 

1-77 

20 

0*00 

2 

100 

6 

i 

20% 

1-56 

20 

O’OO 





(m. 0. 

optimum) 



3 

100 

5 

' i 

15% 

1-76 

20 

0-00 

4 

100 

1 

5 

1 

2 

15% 

1*77 ; 

i 

20 

0*00 


TABLE 13 C. 6 » 

3rd set— The clay conlerA of the soil was about 25 per cent. It amtained a 

high percmtage of humus. 


Serial No. 

Composition of the 
mixture 

Thickness 
of the 
block in 
inches 

4 

Optimum 

M. 

content 

Optimum 

B.B.D. 

Head of 
water 
in feet 

Seepage in 
cusecs per 10® 
square feet 

Soil 

Cement 

■ 


5 

4 

21% 

1*69 

20 

006 



6 

3 

21% 

1-C8 

20 

012 



5 

2 

21% 

1-68 

20 

0-21 


TABLE 13 C. 7 

4(h set — This um an dUcdlme sod having clay and salt content about 20-5 per 

cent, and 0-3 respectivdy. 


Serial No. 

Composition of the 
mixture 

.Thickness 
of the 
block in 
inches 

Optimum 

M. 

content 

Optimum 

B.BJ). 

Head of 
water 
iu feet 

Seepage in 
cusecs per 10* 
square feet 

Sofl 

Cement 

1 

100 

5 

4 

17% 

1*78 

20 

0*00 

2 

100 

& 

4 

21% 

1-67 

20 

OOii 





(m. 0. 

optimum) 



3 

100 

6 

3 

17% 

1-77 

20 

0*00 

4 

100 

S 

2 

17% i 

1 

1-76 

20 

0*00 
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DETERIORATION TESTS 

This aspect was studied in three ways' : (a) The seepage test described 
above was prolonged for several months and tlie increase in seepage, if any, 
noted. (&) The tank was opened after completing the initial seepage test and th? 
Idocks allowed to dry up for about a month and retested for seepage losses 
similarly, (c) Constructing cylindrical blocks, 6mchesx6inches, of each type. 
Curing them properly and immersing them in water contained in a metallic 
reservoir, which was kept, upstairs fully exposed to the weathering agencies. 
The hardness and weight of the blocks were observed regularly. In another set 
of experiments tho blocks were subjected to alternate conditions of wetting 
and drying and similar observations taken. 

The results of deterioration tests are given below : — 

(а) Eegarding prolonged seepage tests of blocks kept immersed, con- 

tinuously for about three months, no increase in the poepage losses 
occurred in any cas.' except hitmus soil — cement mix. 

(б) After letting the blocks dry up in the winter season no cracks appear- 

ed anywhere at the surface. On retesting for seepage losses no 
signs of deterioration wer^ perceptible. In summer, however, 
cracks appeared and, when retested, the blocks, 2 incLes in thickness, 
gave high seepage losses, showing thereby that the cracks had 
ei+-her penetrated the entire thickness or, at any rate, a sufficieni 
depth, so ab to mar the water proofing properties of the lining. 
It may be mentioned here that no space was left between the ad- 
jactnt blocks to allow for their expansion caused by variations in 
temperature or moisture. Their behaviour when provided with 
adequate expansion joints remained to be studied. 

EXPANSION AND CONTRACTION OP SOIL CEBIENT MIX 

The appearance of cracks in the lining during summer led to the study of 
its co-eflSicient of expansion with respect to moisture and temperature. .. Only 
tho effect of moisture has been studied f.o far. 

A block, 77 C1TI.X 10 cm. of 100 : 5 : ; Soil : Cement mix was constructed and 
cured properly. It was placed in a metallic vessel and kept in a vertical 
position. Water was filled in the vessel to a level flush with the upper edge of 
th^; block. The change in the length of the block was measured by means of a 

dial gauge reading to of an inch. A diagramatic sketch of the ap- 

paratus is given in Figure 13C. 4. 

It consists of a double walled cylindrical vessel, about 6 inches in diameter, 78 
cm. high, placed on a plane iron plate fitted with levelling screws. The lining 
block, 77 cm. X 10 cm. constructed and cured in the usual way, is placed in the 
inner vessel. The eideways displacements of the blocks are checked by 
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ineeitiag rabbei paddings between tbe blocks and the vessel. Its vertical 
di^lacements caused by variations in moisture and temperature are, however, 
not Mndered in any way. Tbe external vessel contains water and is meant for 
reducing the error due to fluctuations in the room temperature. The lining 
block is adjusted in a vertical position with the help of the levelling screws, 
8 ^ 83 . A brass disc, 5 cm. in diameter and 1 cm. thick, fits in a cyb'ndrical 
groove made at the central portion of the top surface of the block. At the centre 
of this disc is drilled a hole about 5 mm. in diameter and 3 mm. deep. The arm 
of the dial gauge is so adjusted as to make its lower end touch the bottom of 
this hole. As the block expands or contracts, the arm of the dial gauge moves 
up or down displacing thereby the needle of the gauge. The position of the 
needle, when it assumes a stationery state, is noted. 

For studying the effect of moisture on the linear dimension, water is 
added in the vessel to a height flush with the upper edge of the block and the 
position of the needle observed at suitable time intervals. From the length of 
the block under test and the maximum displacement of the needle the required 
co-efficient of expansion can be computed. The temperature of water should 
be kept constant during the experimentation period. If it varies, the error 
involved should be duly accounted for. For replica results the arm of the 
gauge as well as the block should be kept in a vertical position. In order to test 
the reversibility of the phenomenon water is taken out of the vessel and the 
block allowed to dry up. The reading of the needle, when it undergoes no 
further displacement, is noted. 

The effect of moisture on expansion and contraction of the blocks made of 
soil alone was also studied. The experimental results are given in Table 13 C. 8 


TABLE 13 C. 8 


Serial 



Change 

1 

Eemarl'js 

No 

Soil 

Cement 


in 

kngth 

1 

100 

5 

13 

0'162 

Expansion on moistening 

2 

100 

5 

13 


Contraction on drying 

3 

100 

5 

16 

0-167 

E3;;pansion on moistening 

4 

100 

5 

16 

0-167 

Contraotion on drying 

5 

100 

0 

13 

3-4 

VThe expansion coef. of soil Uocks uras 

6 

100 

0 

16 

3-6 

j studied in a different way 

» 


M210BI 
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An inspection of +i0 lesnlts indicates that (1) the co-efficient of expansion 
(with reference to moisture) of the soil cement mix is reduced to one twentieth 
of that of soil alone (2) the phenomenon is reversible, as on drying up the block 
resumes its original length. This fact shows that the cracks, which appear 
in the soil cement lining on drying up, would most probably get closed up on 
remoistening, provided the cracks do not get filled up, p^ly or completely, 
with any sand-like rigid stuff. 

DETEBIOBABION TESTS 

For examining this aspect, cylindrical blocks, 6 inches X6 inches, wei® 
constructed out of a given mix as well as of the soil used therein. Some of 
them were kept immersed in water continuously for several months, while 
others were subjected to alternate conditions of wetting and drying. The 
shape and hardness of the blocks was studied in the case of the first set ; while 
for the 2nd set, in addition to the above characteristics the weight of the blocks 
was also noted. Table 13 C. 9 contains the experimental results. 


TABLE 13 C. 9 


Serial 

Composition of tte 
block 

Remarks 

No 

Soil 

Cement 

1 

100 

0 

Deterioration Butin as soon as dipped in watf?r; disinte- 




grated completely within an hour and a half j naither 
retain :d its shape nor hardness. 

2 

i 

100 

1 

Reta'ned its shape for one day ; disintegrated partly after 
a few days. The sides stood at an angle greater than the 
angle of repose say about 70° 

3 ! 

100 

2 

: Retained its shape but softened slightly. 

4 

100 

3 

Showed very slight charge in shape or hardness, after several 
months. 

5 

100 

4 

't The blocks haring 4 and 6 % of the cement content showed 
> no change in shape and ^rdness even after six months. 

6 

100 

5 


In case of the 2nd set blocks composed of orJy 100 : 6 : : soil : cement were 
tried. No change in their shape or hardness was perceptible even after the 
expiry of some months. A light decrease in their weights did occur after three 
months. It is not deemed advisable to deduce any conclusion &om these ex- 
periments at this stage. This work will have to be continued iu order to make 
an exhaustive study of each factor. 
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SOIL Am) CEHSNT MIXTUItE 

In an att<empt to leduce the oo-efficient of expansion of the soil cement 
mixture, sand was used as a third constituent in addition to the two components 
of the cement mixture. The procedure adopted for the preparation eto., of the 
mixture was sintilar to that employed for the soil cement mixture. The 
results of seepage tests are given in Tables 13 C. 10 and 13 C. 11. 

TABLE 13 0. 10 
Soil No. 1. 


The day eontent of the -aoU was 16 percent, and the mean partide size of 
smd=0'28 mm. diameter. 


Sr, 

Composition of the mix 

Thickness 
of the 

%optimnm 

moistare 

Optimum 

Head of 

Seepage 
in CUS30S 

No, 

Soil 

Cement 

Sand 

block 
in inches 

content 

D3.D. 

water 
in feet 

per million 
, sq. feet. 

1 

i 

80 

5 

20 

4 

15 

1*77 

20 

0*00 

2 

66*6 

5 

33*3 

4 

15 

1*76 

20 

0*00 

3 

- 33*3 

6 

66*6 

[ 

4 

15 

1*76 

,20 

0*75 


TABLE 13 C.11 
Soil No. 2 

Clay content of tl^s<nl=20 '3 percent. Mean diameter of the sand=0’ 28 mm. 
Salt content of the soil=0‘3 percent 
It was an alkedine sod. 


No. 

Composition of the mix 

Thickness 
of the 

^ % 
Optimum 

moisture 

Optimum 

Head of 

Seepage in 
cueecsper 


Soil 

Cement 

V Sand 

block 
in inches 

content 

D.B.D. 

water 
in feet. 

million sq.ft. 

1 

SO 

20 

5 

4 

15 

1*78 

20 

0*00 

2 

66-6 

33-3 

5 

4 

16 

1*79 

20 

0*00 

3 

33*3 

66*6 

5 

4 ' 

15 

1-78 i 

20 

0*60 
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detkbioration tests 

The seept^ tests performed on blocks kept immersed in water for about 
two months did aot show any increase in the seepage loss. Only tbe blocks 
which gave no seepage initially ware retested. No other test had been per- 
formed with this lining type. ‘ 

COEFFICIENT OF EXPANSION WITH BEFEBENOE TO MOISTUBE 

The experimental techniqne and procedure is similar to that employed 
for the soil cement mixtore. The results are given in Table 13 C.12. 

TABLE 13 0.12 


Sr, 

Composition of the m'xtiire 

Dimensions 

% 

change 

Nature of 

No. 

Sol 

Sand 

Cement 

of the block 

in length 

variation 

1 

80 

20 

• 

5 

32 x 16 x 10 cm. 

012 

Expansion on 
moistening 

2 

80 

20 

6 

do 

OIS 

Contraction on 
drying 

3 

66*6 

33;3 

6 

do 

0 081 

Expansion on 
moistening 

4 

66-6 

33*3 

6 

do 

0-081 

Contraction on 
drying 

6 

100 

0 

5 

do 

0-164 

Expansion on 
moistening 

6 

0 

1 


10 

do 

0-006 

do 


Pot m a ki ng a quantitative estimate of the leductioh in the coefBoient oi 
escpansicn, similar blocks composed of soil-cement and sahd-cement were also 
tried for this test. As the block made out of sand : cement : : 100 : 6 crumbled 
off on h andling due to lack of adequate cohesive strength, another containing 
10% of cement was examined. 


From the results it is obvious that sand is effective in reducing the coeffi- 
cient of erpsnsfon with jeapect to moisture. The effect of moisture on sand — 
cement ^ block is comparatively much less. The cracks ^ould, therefore, 
appear in soil sand— cement blocks to a lesser extent than in those contain- 
ing soil — cement only. This type of lining compared with that of soil co- 
inent possesses greater abrasive but lesser cohesive strength.* 
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(2) STATTNCHHIG of the GODAVARI LEFT BAKE CANAL 

The Godavari Lefb Bank Canal cuts through mtmm from Tnila 8/7 to 
10/5. Water seeping through this cutting of the canal led to the rise of the 
sub-soil water table year after year. There was a large area of damaged land. 
— adjacent to the canal and it was feared that if no preventive measures were 
taken more land would go out of cultivation. There were constant and numer- 
our complaints &om villagers about serious damage to their lands. It was, 
therefore, proposed to line the canal in this section with sodium clay. An 
estimate was framed for the same in 1942 in which 6J tons of sodium Carbo- 
nate were provided for sodiumising 400,000 cubic feet of soil required for the 
puipose. 

It was, however, found by the Executive Engineer, Nasik Trri gftti o n Divi- 
sion, that owing to war conditions the cost of 00$ had risen enormously and 

was prohibitive. He also believed that the water levels in the.damaged areas 
had gone down due to (i) rush rotation system of irrigation adopted ainna ; 
and (ii) the working of wells in the area for irrigation. There were of late no 
complaints also from the villagers— pressing for the reclamation of 

It was also suggested by the Executive Engines, Nasik Irrigation Divi- 
sion, whether the salts naturally occurring in the area could be ntiWnA(^ for 
sodiumising the soil instead of commercial Na^ 00$. 

Accordingly the area downstream of the canal near Bui village was ire- 
surveyed and it was found that the damage by salt and water le gging remain- 
ed unchanged and that sub-soil water levels in wells were as bigb as before. 

There was no salt incrustation at the surface enough for collection on a 
large scale for use in the preparation of sodium clay. O^y sli^t salt was pre- 
sent in the locality. Samples of naturally sodiumised soils were, therefore, 
taken from two sites for testing. 

One was in S. No. 45 of Rui which was slightly s£dt affected ; (it contain- 
ed 0*477% of salts) another was in S. No. 101 which was salt affected and 
contained 1*25% of salt. 

At each site the soil was heaped (5 feet x 5 feetxl| feet) on—tarmd 
branches to facilitate drainage. A basin 6 inches deep was made at the top 
of each heap. A depth of 3 inches of water was - maintained at the surface of 
each heap by watering daily. 

The process lasted for two months. More water was required in the 
beginning but later on the quantity required was fairly constant about one 
cubic foot or 0*48 inch per square feet, and samples were collected from each 
heap - before, and after leaehing. 


(■) Poooa Irrigation and Bsaearcli Division, Poona, Public Works Department. Bombay, 
A un nal Report 1947, pages 26—31. 



996 


THE CENTRAL BOARD OP IRRIGATION ANNUAL REPORT 1948 


The process of leeching reduced the salt content to the saiine level in both 
heaps (feom S. No. 45 and S. No. 101) ; leaching was probably unnecessary in the 
former cases (S. No. 45) as shown by the comparative salt and clay content 
before and after leaching. 

Conductivity was reduced from 750 to 600 in the case of heap in S. No. 45 
and from 3,600 to 600 in the heap from S. No. 101. Clay content has increased 
in the latter case as a result of leaching. There was not much change in "pB 
values. 

Before treatment, thesoilinS. No. 45 Eui gave no in the first 6 hours 

and only 4 cm. rise after 5 days. There was no rise of capillary water at. all 
after treatment even after five days. 

Capillary rise of water before and after leaching indicate that soidumiza- 
tion of the soil had taken place after leaching. 

The capillary rise in the original soil of S. No. 101 was 1*6 cm. after five 
hours and 10 cm. after five days. This was evidently due to salts. In the 
sample after treatment, there was no rise in five hours and slight in five days 
presumably because the salts were not completely reached out and some salt 
was still present. A third sample taken from the inside of the canal bank was - 
esamined for comparison. 

In this case the capillary rise was moderate (6*5 cm.) in five hours and 
fairly hi^ in 24 hours. 

Soils firam S. No. 46 and 101 of Rui, sodiumised by the leaching process and 
the sample taken from the side of the canal in flowing water near Rui were 
subjected to percolation test. These samples were packed in glass tubes one 
. inch in diameter and 12 iaohes bug to a length of 8 inches with a previous 
layer 1^ inch of mmmm on either end. An average head of 5 feet that usually 
occurred in the canal was maintained. There was no percolarion at all through 
the sodiumised soil for 5 feet head nor for the 9 feet head. Percolation 
throu^ the soil from the canal bank was 9*2 co. per day for 5 feet head 
and 23 cc. per day for 9 feet head. 

These results on calculation showed that percolation from the canal bank 
at presmt with 5 feet head wa8 0*69ousec8per million square feet. Obser* 
various taken in 1918 put this at 1 *06 cusecs per million square feet. 

Sodiumised soil can be used for lining the canal to prevent percolation. 
Thereisnoneedtosodiumisethesoilby treatment with any salt ; natural sodium 
soil exists in the locality over a large area in the close vicinity of the canal. This 
sodium soil can be used as it is and will not cost any thing extra besides labour 
charges Ihe canal bank section should be removed to a depth of 13 inches. 
The exposed surface should be fined with sodium clay by forcibly throwing 
luiups of puddled clay thereon. The clay should then be covered with a casing 
of tmrmm, four inches in thickness. 
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(3) SXPEBIMEIITS CONTmUED WITH STAUK0HIKfi OF CAKALS WIXH 
SUBEHI MORTAR (8) 

Expeiiments vnth mortal concrete lining were continued. Two 

of jelley to one of mrki mortar four inches thick and one square feet area 
was subjected to a head of 16 feet clear water. The seepage losses throng 
concrete lining is practically steady year after year as given in Table 13 C. 14. 


TABLE 13 C. 14 


Date 

Percolation per million square 
feet in cusecs 

September 20, 1947 , . 

1*60 

September 27, 1947 . . 

1*67 

October 11, 1947 

1*60 

December 9, 1947 . . ■ 

1*15 

December 26, 1947 . . 

0*99 

January 6, 1948 

1*00 

January 26, 1948 

’l-14 

February 10, 1948 . . 

1*00 

February 24, 1948 . . 

1*17 

March 4, 1948 . . . . . 

1*36 

March 22/ 1948 . . • . . . . 

1*28 


» 


DISCUSSIOR B7 THE RESEARCH COMHITTEB 

Mb. S. L. MAiaoTBA introduced item (I) and said that they were still 
eanying on e 2 q>eiiments. Nothing conclusive had yet been &und. 

Db. Y. E. Goehalb introduced item (2). A large area of about 600 acres 
lay along the Godavan Left Bank canal between miles 8/7 to 10/5 which was 
damaged by waterloggii^ and salt and damage wi& mcreasiDg gradually. 
There was no irrigation and the damage was due mainly to leakage hx>m the 


(^) Hydraulic Keseareh Station, lELrishnarajasagar, Annual Report 1947, page 68. 
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canal wbicli cut through muTTum. This area could not be drained as th.e soil 
was deep and there was no pervious layer within ten feet. An estimate was 
ftamed and sanctioned by the Bombay Government in the 1942 for staunching 
the canal. It was proposed to use sodium carbonate for prepai^ a sodium clay 
puddle. On account of the war sodium carbonate was not available in quantity 
required and within the amount estimated. An attempt was, therefore, made 
to see if sodium claly occurred under natural conditions in the vicinity of the 
caual. This had been found in the damaged area itself. This soil was highly 
sodiumised and was water-tight. 

It was now proposed to line the canal, for diort lengths with this sodium 
clay and some other lining materials such as soil cement, etc. 

Mb. N. S. Govinda Eao introduced item (3), 

Dr. E. C. Hoon referring to the use of sodium clay said that e:q>erience 
in the Punjab had not been very happy. With passage of time, there must 
be a certain amount of deterioration. He wondered whether experiments had 
been tried for a longer time. 

Eai Bahadur Kanwar Sain said that on the Bikaner canal during the 
last two years, the seepage losses had doubled. He wondered if the Punjab 
would take up investigations into this. There were some minor cracks, but 
nothing which would be termed very serious. Before the last floods a lot of 
damage was done, but it was repaired. 

The President suggested that it would he better if he carried out some 
independent checks. 

The Sbobbtary enquired if he was sure that the discharge table in use, 
which showed the losses to have been doubled, was correct, 

Eai BiHADUB Kanwar Sain replied that at the lower end there was a 
meter flume and at the head the discharge was observed by the headwork 
division. 

The Seoretary pointed out that the discharge site was not in the pctcoa 
reach. 

Mr. S. L. Malhotra enquired about the magnitude of the losses. 

Eai Ba had ur ELanwab Sain replied that in summer the losses had risen 
from 160 to 300 cusecs and in winter too they had been doubled. 

Dr. J . K. Malhotra enquired as to what the figure per million square feet 
of wetted surface worked out to. 

The Secretary enquired about the distance upto which the damage 
extended in the canal. ^ 

Eai BAHADxm Kanwar Sain relied that it extended upto B. D. 47,000 
and there was one breach at E. D. 75,000. 
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Db. B. C. Hoon said that he carried the analysis of the canal tsatei &om 
the head of the tail reaches of the Bikaner Oanal some years back, the remits 
showed definite indication of a higher colupmn. contents in the water samples 
from the tail reaches. Probably, the continuation of the process of dissolntioa 
of time &om the material,composing the canal lining mi^t accotmt for the 
increase in the canal losses. 

Bai Babaddb Eanwab Sato said that most of the canal lay in the Fonjab. 
In&cthehad soggested to Bai Bahadur Gita Bam Garg that it would be 
worthwhile carrying out a detailed investigation not only for sake of the Bikaner 
Canal, but also for guidance in designing the lining of the future canal. Xhe 
matter was one which the Punjab Irrigation should take up. Bikaner would give 
all the help that was needed. Bikaner had not made an official reference yet. 

Mb. L. K. MmAL said that they also had carried out some esperiments in 
the United Provinces on canal linings. They got the very same results as did 
the Punjab. The reduction in losses in the fi^ year was 85 per cent., but at the 
end of one year, it was 55 per cent., and erpmiments were carried out for another 
three years and losses came down to 50 per cent. Then the Chief Eng^eer 
ordered to stop experiments because the linfag was deteriorating. In such a 
case sodium carbonate would hardly help. In case of Poona soil there was a 
high percentage of clay which would ordinarily be water tight. One does not 
need to bother about sodiumiaation of the soil as the sodiumisation is bound to 
deteriorate and the soil is water tight even without this. 

Db. 7. EL GoeeaiiB said that they proposed to use sodhun day. Th^ 
were going to do detailed esperiments on that. Th^ had carried out only 
laboratory tents till then. 

Thb Pebsidiint suggested that it would be quite good to take up time tests 
In the laboratory. 

DB.B.C. Boon suggested that the tests should be carried out on a minor, 

Bai Bahadtjb C. L. BL&nda referring to lorees in the Bikaner Uanal 
enquired whether there had been any change in the establishment reeponable 
for water measurements. 

Bai Baeaddb Eanwab Sa^i replied that there mi^t have been such a 
change. Be could not say definitely. 

B was fhen decided to keep the subject on the aSenda. 


DISGUSESOir BT THE BOABD 

The Secbetaby said that three items were discussed at the BesearcK 
Committee Meeting (page 982). There was no resolution. 
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(Hi) ECONOMICS 
PBBLimNABY NOTE 

There was no oontribuiion or discussion under this sub-head at the 1947 
Research Cktmmittee Meeting. 

R&xaA Idteratwe. 

{1) Youi]^W.R. — Low cost linings for irrigation canals — ^Indian Concrete 
Journal, VoL 21, No. 10, October 1947. 


IHETEAH’SWOBK 

The following item was discussed at the 1948 Research Committee Meet- 
ing;— 

(1) Most economical section for a lined channel. 


(1) MOST ECONOMICAL SECTION FOR A LINED CHANNEL («) 

The staunching of irrigation channels has three aspects, each of which 
requires careful consideration viz., (i) the shape of the lined section, 
(ii) strength and permeabi]it7 of the linin g material used, and (iii) the cost of 
lining in relation to the volums of water saved. 

The second and third aspects respectively involve tests on the lining under 
different water heads and estimation of the cost of lining per unit surface area, 
and have been the subject of several investigationB. The £rst has, however, 
recdved closer attention only in recent years, and would seem to repay fur- 
ther examination. 

A lined channel has usually a smaller section than one which is not lined 
and carrieB an equal discharge. This is due to lower rugosity of the lined sec- 
tion, whidi enables it to carry, for the same depth and slope, its supply with a 
high^ velocity and lesser water width, than the unlined seduon. 

' While the resulting saving in excavation and land acquisition is one of the 
obvioiu advantages of lining, the question of using the reduced waterway to 
still better purpose is one which has not yet been f^y investigated. 

section ado^d f<» the Bihaner canal, the first large channel to be 
lined in Nmthemln^, was of the usual trapezoidal form, witha flat bed and 
sloping sides. The tide tiope was not imiform, the fi'na.l section being some- 
what of the form shown in Figure 13 0. 5. 

The dei^n of the Haveli lined canal w^ also based on a trapezddal 
form, but instead.of the tide slopes meeting the bed atan angle, a curvilinear 
transition was provided Figure 13 C. 6. 


« (*) Eart Punjab Inigalioa Reseawb lostatniion, Amritiar, Anaual Report 1947 

Puiges {^7— 61. . - ' ^ • 




Figure 1 3C. St-Showlng section of lined BikanerCanal 




Figure 1 3C.7> Showing Halgh type lined section 


Reg. No, 2737 XDD IC>' 50- 1,210 (P,2.0.). 
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The curve ACB, \rhich replaced the portion APB, was the arc of a circle, 
and its use was believed to obviate the necessity of a cut-off at P, (which would 
otherwise have been necessary, in order to reduce the uplift on the lining, the 
water table in some reaches being hi^er than the bed) and to provide a better 
support for the weight of the lining on the slope jibove B than that likely to be 
given by an angular joint. a 

•« • 

The question of the most economical section was appsgrently first studied 
by Haigh. He advocated, for channels carrying less than 2,000 cusecs, a sec- 
tion formed by the arc of a circle, joined tangentially to strai^t side slopes 
the latter being adjusted to the angle of repose of the soil. 

The theory of the ‘ Hai^ * type section was elaborated in the Institute 
during 1947. The Haveli type was u nder examination at the close of the year- 

The l^gh type section consists^of Pigure 13 C 7 • 

(t) The arc ACB of a cricle of radius r, with its centfe at 0. The angle 
AOB equals 2 i. 

* - ’ ’ ' 

(ii) The side slopes AD and BE, wMcli are tangents to the circle at A 
and B. The angles they make with the homontal, each equals ^ 

If 0 does not lie in the water surface, let it be at a depth a? below it, N 
being the point vertically above 0. Let y be the length of the perpendicular 
from N on AD. 

»• . I . 

Then 

the wetted penmeter, P •=» arc ACB-j-2 AT) 

=»aroACB-f2 (AlIhD)- 
e=2 «-|-2 (x sin cot 'i) 


Now y =NL=iNM-l-ML 

'. (130. 1) 

s=x cos, tr\- r 

. 

X =(y — r)/co8 1 

(130. 2) 

Substituting ficom (13C.2) in (13C.1) 


P=2 rf-f-2 {y. r. tan t-\-y cot i) 


=2'f {«=tan 0+2y (tan i-f cot t) 

(130: 8) 
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TbB area of the waterway, 

j4s=8e<5tor OAB+2 (trapezoid ONLA+triangle NUD) 
aart+Cjn"!") ® tin 

aaf* r*) taa t+p* cot t 

tau #)+y®(taB H" cot #) . . • • • • (130. 4) 

Fatting a=^— tan t 
&B>tan ^-(-cot t 

We gpt P=!2 (or+iy) . . . . . . • • • • (130. 6) 

4=so*r+i^* 

)*+ V (130.6) 

for a given perimeter, P, and known side slopes, therefore, 

^ is a mazimtim when 

0 ** Mfdy =— (P/2— 4r)+2 by 

otP = 2(o+6)y -(130.7) 

Also P = 2 (or+iy) . • • • • . . . . • (130. 6) 

yssr .. .. .. .. .. (130. 8) 

Hence a = ar*-(- Jy* 

s=(«+6)t« (130.9) 

andP=2(o+6)r ..(130.10) 

Equation (13 0, 8) shows that the a/rea of the Haigh type waterway is a massi- 
twmratiowhm the emtre tfihedmdar portion Ues in the water surfaice. 

Also snhstitating the values of a and b in (130.9) and (130.10) 

A = (t + cot i) f * 

P=s2(i+cot<)r 

EweeB = AjP=^rl2 ..(130.11) 
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Tliis shows that, /or ^ Haigk section. 

(^) tine mean hydra/ulio radius, B, equals half the mtmimm i^h and is 
independent of the side slopes, and 

{ii) the ratio, BjP, which defines the ‘ share ’ oftites&Aion is mdependent 
of the cQmensioiis of the section. 

The values of n-iaTimnni A Jr^ for different side dopes come out as follows : — 


t (degrees) Ajr^ 

30 2-26 

46 1*79 

60 1-62 

90 1*67 


The most economical section may, however, be defined as the section whibh 
has the maximum area of waterway, fox a given surface width and a given 
wetted perimeter. 

Theoretically as will be shown in later reports, such a section is the arc of 
a circle passing through the end points of the water surface. 

The Haigh type is, therefore, not the 'most economical section possible, 
thou^, of the type containing a circular arc as the base with a straight side 
slope, the Hai^ section is the best. 

Agsdn if we ccmsider Lacey’s v-f-B relation 
■ V=^ifBIS, ' 

we get, for the Haij^ section, 

2 frJZ (dnoe B — r/2). 

Also Q = AY 

= (t-j-cot t) r*. (2frf2)i 
rj=i (1*6/)^'* {Q H-cot «)x 

With / = 1 ■ 0 and t = 45°, as advocated for ordinary use by Haigh, we 
get, 

f=0-86C*/« 
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This gives, for values of Q equal to 1,000 ; 2,000 ; and 4,000 ousecs, values of 
f equalling 13 *6, 18*0 and 24 ‘8 feet respectively. As some of the ordinary 
linings, when tested under heads exceeding about 15 feet, either give way or 
allow appreciable seepage losses, it would seem that the Hai^ type section 
should preferably be used only for discharges up to about 1,200 cuses, and not be 
adopted unreservedly on larger canals. might be taken as another 
limitation on its use. 

Another point in regard to the utility of any lined section is the practica- 
bility of constructing curvilinear portions. While a curved section may, theo- 
retically,- be the most economical, ease of construction has also to be consider- 
ed, as the mar^ of economy gamed one way may be o&et by the extra time 
and labour involved in putting in curved transitions. 

This aspect is one for practical engineers to consider. The necessary 
data for comparison will, however, be provided by theoretical studies.’ 


DISCUSSION BY THE EESEABCH COMMITTEE 

Db. J . K. Maleotba introduced the item. He said that there had been a 
nag in what he had prepared, and he would correct the same in the next annual 
epoit. 

Then was no discussion and it was decided to keep the subject on the 
genda. 


DISCUSSION BY THE BOABD 

Thb Sbcbetabt said that there was no discussion at the Hesearch 
ommittee Meeting. 

» 

Aa regards proposed C.BJ. Publication on ‘Staunching of Canals/ Dr. 
K. Malhotra of the Irrigation Research Institute had undertaken the pre- 
nation of the draft. Abibliography of all the literature on the subject had 
nee been supplied to Dr. Malhotra. 

Db. J. K. Mal hotra. gave, a brief idea of the work being done by biTn in 
der to evolve the ‘ most economical * section for a lined channel. 

He stated that usually the u nlin ed channels were given a trapezoidal sec- 
m and the same shape was adopted for the lined channels, as in the case of 
e Bikaner Canal and the power channel of the proposed Yamuna Power 
heme. A departure from this shape was made in the case of the Haveli 
,ed canal, where the bottom comers of the trapezoid were rounded off. This 
s usefol in that the resulting arch action provided a bpport for the lining laid 
er the side slopes and obviated the necessity for a toe-wall at the joint of the 
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Continuing, he remarked that the main question before him was to evolve 
a Haveli-Type section ; which, for a given discharge and slope, would have the 
least perimeter, as the cost of lining was obviously a function of the total p^ime- 
tral area. This really boiled down to a choice of a suitable bed width : depth 
ratio. 

A section could be even ‘ bedless ’, in which case it would be very deep and 
narrow ; or it could have a relativdy large bed- width when it would be flat and 
shal&w. Without going into the details of mathematics, it appeared that 
sfomething mid-way between these extremes might ^ve the best results. 

He added that he could give no exact idea of the order of economy pos- 
sible with such a section, but it seemed that substantial savings could be effect- 
ed provided sections somewhat deeper than usual were adopted. 

The problem was stiU very far from final solution, as so many other fac- 
tors besides shape were involved. For instance, there was the question of (he 
rugosity co-efficient. For the Haveli Canal, a rugosity of 0 ■ 0160 was assumed 
for design ; but the actual observations, affier the canal had run for a year or 
so, showed that it had gone up to 0* 0166. On the Nangal Project , the power 
channel was being designed to a co-effieient of 0 ■ 0180 ; and the adoption of as 
low a value as 0-0125 in the Yamuna Power Scheme would seem to need re- 
consideration. He thou^t that it would be safest to fix the rugosity co-effi- 
cients after carrymg out model esperiments with thei^tual materials to be 
used in canal lining. . 

Another item on which research would be essential was to find what safe 
velocity the lining material would stand. 

The East Punjab Besearch Institute hoped to look into all these things and 
might have something to say at a later date. 



I4C. Grouting 

PBEUMIS&RY NOTE 

This sabject was introdticed oa tibe agenda fox Uie fix^t time in 1947 vifeh 
tbs following sab-beads : — 

(») Matenals, (u) of foandation, (m) fox stanncihJng. 

(i) Materials 

There was no contribution or discussion under this sab-head, at the 1947 
Baseaioh Committee Meethg. 

(ii) Grouting of Foundations 

There was no coutributfon ox discassion undex this head, at the 1947 
Beseandi Committee Meeting. 

SeDent LUeratare. 

* 

(1) Isch]^ S., Ingenieux B, P. Z. Diieoteux general de 1’Bntr^xise de 
Foudatiou et TravauxHydxaaliques France.— Barrage deCastfllon—Lutte Cen- 
tre le8etOBian8aouterrainea(Ca8tiUon Dam— fighting underground erosionB)— 
Xhtemational Commission on Large Dams, Third Congress. Stockholm, 
!Et S6* 


(2) IschyE., Ingenieut E. P. Z. Directeur general de I’Entreprise de 
Fondations et Trayauz Hydxauliques France.— Digue du Lac Noir— Lutta Con- 
tre les erosions souterraines (Lac Noir Dam — fitting underground erosions) — 
Xatematioual Commisaion on Large Dams, Third Congress. Stockholm, 
1948, E 87. ^ 


(iii) Gront^g lor Staunching 

was no contribution or discussion under the above suh-head at the 
1947 Eeseaich Committee Meeting : — 

Meoent Literature. 


AnJSJ^A Bupperswil- 

d^pl- E- P. P. Swissborinfc Sooiete 
»^_da Sonda^ et Pro^ions S. i — ^Btandhement de ^nards par 
mjection d un gei d atgile a b digue de I’AAR de Tusine Hydro-eLtrique de 
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Boppeiswil— Aaenstem (Caulking of pipings by gioatiag of fcozen elay at 
AAE embankment Bupperswil— Anenstein hydro-dectrio pwer station^ 
Intomatdonal Commission on Large Dams, Tl^ Congress, Stbckbolm, 1948, 
BSl. 

XHE TEAE’S WORK 

DISCUSSION B7 THE BESEABCH COUUrPCEE 
There was no oontribniion on the snbject. 

It was decided to keep the sabject on the agenda^ 


DISCUSSION BT THE BOABD 

Tee Seobetaby said that there was no contribution and no dlscossioa on 
the Besearch Committee Meeting under these sab-heads. 


M210BI 



15C. Tubewells 


FBElIMlNm IIO!rE 

In 1947 tihe subject of Tnbewells was divided into two parts, Sub tetranean 
waters and Tubewells. 

The sub-heads fsUing under the former have been taken under SectioE 
C— Hydrology— item 7. The latter is divided into sk sob-heads. 

(i) Types 

The following item was discussed at the 1947 Beseaich Gommittee 
Meetmg:— 

(I) Eadial tabeweDs. 

Becesat Ixteratm. 

(!) ICbftTiTia B. K<— lift inigatbn— Eiishnapuia i^pe pesdan wheel— 
Central Board of Biigation Joun^ ToL 3, Ho. 3, July 1946. 

THE TEAB‘3 WORK 

The foUowing items were discussed at the 1948 Beseatch Cammittee 
Meeting 


(1) Badial tubewells. 

(2) Feeder tubewells. 

(1) BAim THBEWSU^ 0 


and number cd ladials as also the location of the radialsiuthestxatawere 
studied. This yeu the effect of staggering theradialsin two planes witiiin 


If) Huited Pioviiicea Hiigation Beseandi Stafiffio, Ammal Beporii, 1947, pages 86-86. 
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Hie iQod6l was built to scale one foot=s0 ’5 nun., the ladials being 200 feet 
long and the cential samp 16 feet in diameter. The apparatus is shown in 
Figure 16 C.l. 



Figure 15 C.1 : The Ekarical analogy method showing staggering ofBadids. 

Four radials two in each plane, were placed and their discharges with 50 
feet, 75 feet, 100 feet and 200 feet depth of strata were observed. In each case 
the distance between the planes was varied in order to get mazhniun discha];ge. 
Table 15 C.l below shows the results. 

TABLE 15 G.1 


Serial 

No. 

Depth of 
the strata 
in feet 

Discharge without 
staggering in onseos 

Increase in dis- 
charge due to stag- 
gering in cosecs 

Feroentage 

increase 

1 

50 

53-5 

1-6 

2-8 


75 

60-0 

0-6 

0*9 

3 

100 

6^-5 

2*5 

3*9 

* 

200 

74-5 

1*6 

2-0 


It is evident that staggering while it introdaoes many constroctional diffi- 
culties does not add to discharge materiallj. 


A design in which the addition of a vertical tube to four radials in one hori- 
zontal plane was proposed and tested. The proposal was tested on 
each 200 feet ii> one horizontal plane and a vertical tube of 60 feet length. 
The strata was taken as 100 feet de^. 
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Following are the observations on the above design as a result of ezperi- 
ments on electrical analogy apparatus. The advantage of adding a vertical 
radial looked meagre in view of the fact that it would he surrounded on all aitlft s 
by the cone of depression created by the radials, 

(а) Discharge in milliaiaperes with four radials, the location of the radials 

being in the centre of the strata ==29. 

(б) Discharge of above with an addition of 60 feet vertical tube below 
the radials=30. 

The increase in the discharge of the order of 3 - 4 per cent, is insignificant as 
compared to the cost of the vertical strainer. Hence it is not recommended. 


(3) FEEDBB TUBEWELLS (») 

ABSTRACT 

Siiice the consiructioii of ihe 30 feeder wells of three cusecs each along the 
Ganges canal near Meernt, located at distances varying from 460 &et to 1,200 feet 
hxmrihecsuial hank, a controversy has been rife as to thehf real utility in angmenU 
ing the supplies of the canaL la 1937 field eaperiments were launched on these 
vrolls to deteranine the increase in seepage from the canal by boring the pipes on 
lines radiating from the wells both towards and away from the canal. Ohserva* 
tions the water table were made afta running tha wells in the first instance for a 
prolonged period and then the reaction of the water table a week after the wells 
Were stopped was watched. 

The observations have been studied previously by many persons, but no 
Qoantitarive idea any 8(fft was formed except that for the gnalitative idea that 
lecomunent of the supplies tram the canal ride was greater as ctnnpared to that 
fnnn other directions. This consclurion was teadbed on account (d the steeper 
gradients of wat« table on the canal ride. 

Further effects were made to see if any useful result could he arrived at from 
the already collected experimental data behm any fresh field expetinmnis are 

A fresh approach has, riierefotce, been made to analyse this incompteie and 
insufficient data. 

Figures 15 C.2, 15 p.3 and 15 0.4 show the equipotential lines of the water 
table around the wells No. 3, 16 and 29 as obtained firom the experimental data. 
These wells were situated at distances of 644, 660 and 1,143 feet respectively 
from the edge of the canal. 


(*) tTshied iProvinoes Iri^tioa Beseueh Station, Annual Report 1947, pagea 86-90. 
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It is evident tliat some quantitative idea must be formed to decide this 
issue. If the feeder weD at a particular distance were to draw only a small part 
of its supply from a short length of the canal it should not matter much. On 
the other hand if the seepage losses in a considerable length of the canal would be 
materially increased the well should be removed to a safer distance. 

In order to have a quantitative idea from the data supplied the average 
value of the co-efficient of permeability has been assumed to be 0*025 and a flow 
net constructed around the tubewells as shown in Figures 16 C.2, 16 C.3 and 
150.4, From this flow net we can assess the amount of water that is flowing 
into the well from different directions. The strata of the well has 
been divided into two portions (a) the area lying on the canal side where the flow 
lines indicate the water flowing from the canal in addition to the sub-soil and 
(6) the area lying in the other side i.e., on the side away from the canal. It 
diould be noticed that on one side we are getting water from the canal and the 
sub-soil while on the other side we are getting water only from the sub-soiL 
The difference of the two, therefore, shoidd give us the contribution of the canal 
to the well. 

For a flow net we have the discharge 
q^kXhXnJn^^ where 
q is the discharge in cusecs 
k is the co-efficient of permeability 
h is the depression 

W 2 is the number of squares between two adjacent equipotential lines 
Wj is the number of squares between two adjacent flow lines 
Table No, 24 gives the results with 
i=:0-025 and Ji=20 feet* 

It will be seen from Table 16 C.l that in the case of wells No. 3^6 and 29 
the contribution of the canal to the tube well discharge comes out to be 0*37, 
fl*60 and 0*13 cusec. 


These results, as will be noted, are based on certain approximations and 
assumptions, so their accuracy in the quantitative sense is rather limited ; how- 
ever the trend and the order of magnitude of the contribution by the canal to 
the tubeweJl discharge cannot be much different. 

In order to study further the problem it was decided to carry on th.e experi- 
ments in the laboratory. A model to scale 10 inches=one foot was constructed. 
This is shown m Figure 15 0:6 and is self explanatory. The average strata of 
the top layer contaiuing the cspal wh^ch is a loam giving seepage.losses of the 
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order of 4 to 5 cusecs per million square feet of wetted perimeter — as obtained in 
canals of similar size— was reproduced in the model The rest was made in 
good coarse and similar to that obtained in tubewells at spots where strainers 
are located. 

"Water at a constant rate was fed into the csmal. Part of the water seeped 
and part escaped over the weir A, Figure 15 C.5, meant to maintain a constant 
depth of water in the canal. The escaping water was collected and measured. 
The difference of the incoming water and escaping water gave the seepage losses 
in the canal. A tubewell made up of strainer wire mesh was sunk at <fifEerent 
distances from the canal. Water was pumped out of the well at a constant rate so 
as to TuaiTitain a depression of 20 feet. The difference in the in coming water and 
outgoing water again gave the seepage losses. The difference of the two losses 
gave the increase in seepage from canal due to tubewell. The whole model was 
kept covered with wet gunny bags to maintain constant temperature and 
humidity to eliminate weather effects. 

Perforated pipes were also sunk along eight lines radiating from the well to 
plot the water table contours and to know the length of the canal affected by the 
draft from the tubewell. Water table contours for different positions of the 
tubewell with respect to the canal were plotted. In order to compare the 
results of the laboratory experiments with the field results, calculations were 
made by drawing the flow nets for the contribution of the water from the canal 
to the tubewell. These are tabulated in Table 15 0.2 . It will be noticed from 
Table 15 C.1 and 16 C.2 that there is a fair resemblance in the resoltB of the field 
and laboratory experiments. 

The effect of the tubewell on the canal losses is tabulated in Table 15 C.2. 

COUCLUSIONS 

From the laboratory esperfinents and those done in the field, as analysed 
above, it is clear that the increase m losses of the canal is dependent on a number 
of fectors the most important ones bemg : — 

(i) Difference between the water table and the canal frill supply level, 

(ti) Hie distance of the tubewell from the canal, 

(til) The depression m the tubewell, 

(iv) Strata connection between the strainer and canal bed- 

item (te) is seldom posable in this province due to a good covering dq>th of 
losun always met with. With the data in hand, an approximate quantitative 
idea of the losses can bo formed for a water table which may be rooghly 26 feet 
behiw frill supply, level of the canal, with an average depression of 20_ feet. This 
is usually obtained at three cusecs feeder well, and wm also m a lnt^ne d in the 
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laboratory esperhneiits. For these conditions it seems lihat at a distance of 
660 feet the extra losses created in the canal by the tubewell are O'l cuseo only 
against 3*0 cttsecs extracted, although the contribution from the canal (due to 
its natural losses) is of the order of 0*4 cusec which is only intercepted by the 
tubeweD. Figuresforadistanceofl,143feetgivel*6per cent, of the tubewell 
discharge on'accountofthe increase in seepage created by the presence of the 
tubewell. 

From this it seems clear that the optimum distance between the canal and 
the tubeweU for the condition of water table depression cfc., referred to above, 
can be considerad as about 1,000 feet, when the increase in seepage can be 
considered as insignificant compared to the advantage of the additional discharge 
obtained from the sub-soil. The optimum spacing of such wells for the condi- 
tions as at 30 feeder weDs of the Upper Gkinges canal can be taken as almut four 
furlongs. The above quantitative results are based on certain approxunationa 
and assumptions — ^laboratory results have been made use of for calcmting the 
centage increase of losses etc., in the field— but the results are dependable in ^ ^ 
that they cannot be widely out. If, however, a more exa ct idea is to be obtamed, 
field experiments can be launched with seme hope of success with this much expe- 
rience in hand. Piezometer pipes would require to be placed and observed befom 
a new feeder well is put into operation, and thereafter, the exact reaction 
water table can be studied under controlled conditions. It would not be 
advisable to perform these experiments on the existing tubewells where the 
water table is already vitiated by years of working. 


DISCUSSION BY 1!BE BESESBCS COBDutIKE 

TWp- L. K. Mittal introduced both the items and said that basic studies 
had been continued during the year. 

Eai Bahadue M. C. Btjawat r^erring to the types of tubeweib said that 
so far thev had b^ constructing two types— Strainer type and Ca^ type. 
Recently they had introduced a third type. In this the strainers hM b^n 
replaced by ordinarv steel tubes with slite inade three inches apart and rimoud 
by gravA This was’merely based dn^mle of ahmb,aiidhot on any e:q>enmeats 
or theory. Thev had foundthat ftom the 'same depth of tubei^ they got a 
diechsige of 40 thous^dto 47 thousand gallons with a depressionhead of only 
6 to lOfeet In Bihar. The reason for increase in discharge appeared to to thOT 
in this type the whole strata was tapped as slotted tubes were pRoed. throtgh 
out the'deptii ofthe well. ObServations had dioTO that even mrome-onto 
clays there was a pressure of water and aD this, was drawn through the slots m 
the tubes. ’ ’ . 

Another reason was that shrouding increased the diametw of the tuhiswaH 
and the result was an increase in diwshai:^ with less deptesoon. 
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They, however, required far more data to be more definite abor t the thing. 
Forther investi^tions would have to be made. Sizes of slits and the distance 
between them would have to be adjusted according to the type of strata ba?ed 
upon proper investigations. The results obtained in Bihar, however, 
held out strong hopes that it might be possible to draw mere water at lesser 
depre'dlon heads. 

De. 7. 1. VAEDHiANAiHAir said that non of them would come to any con- 
clusion. Some of the old experiments that did not give any result were being 
repeated. Eaperiments were performed on Upper Gugera Branch tr fin-l out 
the extent of the cone of depression with a view to fix the distance at which the 
tubewells should he located from each other and from the canal so th .t neither 
the seepage from the canal nor the sphere of activily of one tuhewell was affected 
by the other. Tubewells were meant to lower the sub-soil water tab'e. The 
distance for that particular case comes to 650 feet but no general conjlusicn 
could be drawn from that. The distance would depend upon the strata, 
depression head, petmeabiliiy of soil etc., etc. It could be anything from 50 
feet to 1,000 feet depending upon conditions. 

Eai Basadub H. L. Vadehka said that there was another factor which 
affected seepage from the canal. That was the sub-soil water table. If it 
was very close to the surf ce, then, if water were extracted from the sub-soil, the 
seepage loss would be more than if the water table were lower. Experiments 
on the subject were made by Mr. K. R. Sharma. He found a critical depth of the 
sub-Boil water table beyond which the seepage from the canal occasioned by 
pumping was negligible. 

Referring to ^vel packed tubewells of the so called Roscoe Moss type ».& 
tubewells with wide slotted strainers, he said that they carried out experiments 
at Gbuharkana and found them to be a failnre. They reached the conclusion 
that those tubewells would be useful'ouly in coarse sfrata. 

They also studied the effect of varying the type of strainer on twenty tube- 
wells n jj' hore but d d. not find any appreciable difference in discharge in parallel 
of expanding slots. In one group they used tdescopic straiaers which were 
shrouded, but found no difference in dischaz^. Telescopic type was, however, 
cheaper and hence advantageous. 

Db._ V. I. Ysideiakathak said that in such experiments t1>e saturation 
connection' betwemi the sub-soil watertableandtibecanal'watershouldbe kept 
up. If the sataration connection was broken the seepage would be affected. 

Db. N. K. Bose referring to item (1) enquired whether ■the flow between 
the canal and the sub-soil wa'ter level was a saturated one. The deptii in some 
cases was as much as 50 feet and it was rather doubtful if at such a depth of 
1ihewatertable,theflow Jbetweenthecanal . and -lie water table could be 
Punjab insome cases it was found that there was no 
xafciii^ttiOD oonnecisuA ited the water-table was found to have a hump below the 
canal 
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SefeEtisg to item (2) he said that on page 87 of the xeport lefoence had 
been made to Di. Mackenzie Taylor. As a matter of fact the data sent from 
Utiited Provinces were analysed by Dr. Bose and Dr. Malhotra. 

BAHAnxJK M. C. Buawax replying to Bai Bahadtix Vadehia i^arding 
the failure of ^vel-packed wdls said that the method adopted was merely a 
sough one. There was no donbt that there was a certain connection between the 
nze of slots and the size of the shrouding materiaL This certdnly needed to 
be a litt^ bit of coarser grain. It vrould be the job of Db. Ymdhianathan to 
go into it. They had just storted the experiments. 

Mb. L. E. MirTAti said that he wanted to put a word of caution in this 
respect. These experiments were conducted in the United Provinces to assess 
los^ &om canals due to tubewell pumping because they were undertaking 
more feeder wdl projects. These results only applied to U.P. canak 
which had been losing water at the rate of 4 to 6 cusecs per million square feet 
ofwetted surface althou^ saturation connection was always there. 

It was then decided to keep the subject oh the agenda. 

DISCUSSION BT THE BOABD 

The Secretaey said that two items were discussed at the Research Commit- 
tee Meeting (page 1,008). There was no resolution. 


(ii) DESIGN 

PBRLIMTNABYNOTE 

There vras no eoatr&atkm or discussion under this sub-head at the 1947 
Beoeaarch Committee Meeting. 

Mteemt LUenxturti. 

(1) PeckR. B. and Berman Sidney. — Measurements of pressures against 
a deep shaft in Plastic clay — ^International Conference on Soil Meohanics and 
Ibaiidstkm Engineering ^tterdam, 1948, Vol. IQ. 

THE TEAB'S WKHOC 

DISCUSSION BY TEE EESEABCH Wmjgmm 

There was no contribution and was decided tokeqp the sabjeci on tiie 
agenda. 

DISCUSSION BY THE BOABD 

15/. .f.*. ' ' ’.i> ’*■ .* , . 

' The Secbetaby said that there was no contribution and no dianmasicn at 
the ReaeBich Committee Nteeting. 
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(iii) CONSTRUCTION 

PZeELIUra NOTE 

The following item was disonssed at the 1947 Rcseaich Committeo Meeting 
under this sub-head : — 

(1) Note on boring with 18 inches xin-reinforced cement concrete pipes 
by Mr« Kazneshver Saiw. 

Bec&ii, Literature. 

(1) Sachs 6. and Baldwin W. M. — [Folding in tube sinking — Trans. A. S. 
M.E., VoL 68, No. 6, August 1M6. 

(2) SarwalE. D.— Boring water wells with mechanical drills — CSentxal 
Board of Irrigation Journal, VoL 4, No. 4, October 1947. 

(3) Tubewella— Letter to the Editor— Central Board of Irrigation Journal 
Vol. 4, No. 4, October 1947. 

THE TBAR’S WORK 
There was no contribution. 


DXSCfDSSION BY THE RESEARCH OOUHETTEE 

Bax Bahadub C. L. BLlkda said that there was an abound shortage of 
nmterials, specially steel. About four years ago they jBrst introduced the wooden 
stxaxner in the Punjab. It was used in an airfield, as brass strainers were not 
available. The wo^en strainers gave thein continuous supply for two years. 
l^ter on there was a controversy. In that connection he wanted to say that 
instances were not known to them about the behaviour of timber put under- 
ground. Although controversy was raised, yet he thought there was a good 
amount of field to cover in farther research regarding construction with wooden 
Krainevs especially in the shrouded tubewells. 

Rax Bahajdub M. C. Bijawat said that, so far as his information went^ 
)erhaps these were not a great ^(^ess. Piirther they were not tried sufldcient- 
y. It would be possible that Mr. Vaidhiariathan would try them. Them life 
rould depend upon the type of. water also. Generally, speaking wooden strai- 
er would have the same life as the steel strainer in view of the fact that none 
f our waters were free from salts. The comparative effect of the salts on. wood 
nd steel would have to be investigated. Kiis would be borne in inind- 

Rax Ba had ub H. L. Yadheba said that he had occasion to use wooden 
uainers rather extensively in tubewells. They had set up a factory of them 
wn at Chuharkana for naanufactaring them. .Them experience was that 
ere useless. They were fragile and diflSicult to hiandle,.. l^e/dishaxge fell 
wayrapidly. . ' ' 
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Db. V. I. YATOHTATTATHAy Said t^hat they would take up the ezperimeuts 
when they started their laboratory. 

Xi was then dedded to keep the Subject on the Agenda. 

There was no contribution on farther sub-heads under TabeweUs (w) 
Extraction of Tubes, (v) Operating machinery and their tests, and (m) organi- 
sation. 

It was decided to keep the snbjects on the agenda. 

DISCUSSION BT TBE BOABD 

TsB Sbobbtabt said that there was no contribution under this sub-head. 
The discussion by the Besearch Committee was on page 1018 and 
There was no resolution. 


(iv) EXTRACTION OP TUBES 

FBEUHINABT NOTE 

These was no contribution or discussion under this sub-head at the 1947 
Eeaearch Committee Meeting. 


(V) OPERATING MACHINERY AND THEIR TESTS 


FB] 




ifABY NOTE 


There was no contribution or discussion under this sub-head at the 1947 
Besearch Oommittee Meeting. 

Baeent Literature. 

(1) Salzer submersible electric pumps— Sulaer Brothers Ltd,, ‘Winterthur, 
Switzerland, No. 5925 e. 

(2) Sulzerboreholepumps— Sulzer BrothersLtd., ‘Winterthur, Switzerland,^ 
No. 5862 e. 


(Vi) ORGANISATION 
FBEUMINABT NOTE 

There was no contribution or discusrion under this sub-head at tho 1947 
Besearch Committee Meeting. 

THB YEAR'S WORK 
D1SCII5SI0NB7 THE BOABD 

The Sbobbtabt sud that th^ was no contribution under these sub-heads 
and no discnsrion at the Besearch Committee Meeting. 
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